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Pangborn Dust Control 


gives you healthier, happier employees! 


Pangborn Dust Collectors trap industrial dusts controlled at the source of 
origin. By doing so, they reduce the health-hazard of industrial dust. Employee 
health is safeguarded . . . morale is higher, efficiency is increased. 

Pangborn Dust Control pares operating costs, too, by: 


1. Cutting machinery maintenance costs, 3e Reclaiming material. Valuable dust can 
saving parts and labor costs, down-time. be re-used or sold as a by-product. 


2. Cutting housekeeping costs. Cleaning 4 Cutting heating costs. Many plants re- 
and painting are not required as often. circulate the already-heated cleaned air. 


In addition, Pangborn Dust Control guards product quality and improves 


community relations outside. 


Which Pangborn Dust Collector do you need? 


For automatic, continuous operation, the 
Pangborn Self - Cleaning Collector — 
combining the proved efficiency of 
the cloth screen collector with con- 
tinuous operation, uniform air flow. 


The Pangborn 
Centrifugal Wet 
Collector—for hot, 
moist, inflam- 
mable, abrasive, 
corrosive or 
obnoxious dusts. 
A tower-type 
counter-flow 
construction 
gives high- 
efficiency per- 
formance in 
small space. 
Operating cost 
is low. 


NOTE: Bulletins are available on all Pangborn 
Dust Collectors. For your copy or more details, 
write PANGBORN CorpP., 4500 Pangborn Blvd., 
Hagerstown, Md. Manufacturers of Dust 
Control and Blast Cleaning Equipment. 


of dust control. 


Also for dry dusts, the Pangborn Cloth Bag 
Collector—an efficient, economical method 
Its simplified design 
and construction involves a minimum of 
parts. Easily inspected and maintained. 


The Pangborn 
Ventrijet Wet 


Collector—also for 
dusts that a dry 


type collector 
cannot handle. 
A compact, self- 
contained unit 
with low head- 
room. Inexpen- 
sive to maintain 
and operate, its 
ease and econ- 
omy of installa- 
tion recommend 
its use in many 
cases. 


For fine, dry dusts, the Pangbe 
Screen Collector—accomplishe 
recovery at low cost; easily 
tained and gives maximum 
area for the space availabl 


For small volume applicatic 
Pangborn Unit Type Col 
a self-contained unit, sh 
assembled ready for | 
tion. Seven sizes, ranging 
200 to 1,000 sq. ft. of cloth 
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Ten weeks protection egainst DERMATITIS 


lishe 

sily 1 

m8 The above 10 oz. tube contains enough cream to protect the hands of a valued employee 
lable for ten weeks. West Antiseptic Protective Creams are formulated in accordance with the 


accepted recommendations of leading authorities iu the field of Industrial Dermatitis. 
They are used as easily as ordinary hand creams. The result: comfortable, invisible protection 
that keeps industrial irritants from prolonged contact with the skia. 


West Antiseptic Protective Creams are normally used four times a shift. They are part of a 
program that overlooks no contributing source of dermatitis — the highly successful 
West Program of Dermatitis Prevention and Control. 


How does it work? 


Lanokleen, antiseptic soaps and other specially formulated hand cleaners insure safe, 
effective cleansing. Germicidal specialties protect against bacterial infections. “Vinylite” 
aprons and armguards prevent clothing contamination. And, of course, 

Antiseptic Protective Creams help protect exposed skin areas. 


Ce The West Program of Dermatitis Prevention and Control is an inexpensive way to 
it, si protect workers and management against the needless penalties of dermatitis. Interested? 
OF | Just send the coupon. Or call your local West office. 
inging 
f clotij 


*Maintenance and Protective Sanitation | WEST CHEMICAL PRODUCTS INC., 42-16 West Street, Long Island City 1, N. Y. 
- | Branches in principal cities * In Canada: 5621-23 Casgrain Ave., Montreal 


VEST tne. 


“ST DISINFECTING DIVISION 


| (© Please send me your 24 page booklet, ‘‘The Control of Dermatitis in Industry.” 
(J Please have a West Representative telephone for an appointment. 


Mail this coupon with your letterhead to Dept, 5 
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Professional status is a matter of special interest to industrial hygienists because we are 
not well known to the public or even to some professional groups. This lack of recognition 
is discomforting to many of us. More importantly, it may at times hinder acceptance of us 
and our work. It is awkward enough to have to explain our work to friends and acquaint- 
ances; it is worse to have to explain to a plant manager before viewing his plant operations 
and perhaps recommending changes that may increase his operating costs. In pensive mo- 
ments some may have wondered whether industrial hygiene is indeed a true profession. 

A clear and thoughtful discussion of professional status was given by Vannevar Bush in 
the 11th Martin memorial lecture delivered before the clinical congress of the American 
College of Surgeons in San Francisco on October 8, 1956 and reprinted in SCIENCE, 1265, 
49 (1957). In defining a profession Dr. Bush gave five criteria which I paraphrase for brevity. 
First, members of it (the profession) possess special knowledge acquired by long study. 
Second, it is a loose, voluntary grouping of independent members. Third, it has to a degree a 
kind of symbolism and ritual of its own. Fourth, it often has a means for maintaining stand- 
ards and for disciplining violators of its own code. And fifth—a primary characteristic, Dr. 
Bush says—a profession is composed of members who minister to the people—minister in 
the sense of advising, in their special field, with confidence, authority and dignity. 

Judgment of industrial hygiene by these criteria is simple. On points one, two and three 
there is no doubt. On point four, we have had certain minimum requirements for member- 
ship in the American Industrial Hygiene Association for nineteen years. Further progress 
is now being made by joint AIHA-ACGIH development of certification standards and by 
AIHA’s Committee on Ethics. 

At first thought we may seem to be lacking with respect to point five. But not so. To 
minister means to attend or to do things needful or helpful. Industrial Hygienists do not 
often attend people, but they do indeed do things needful or helpful. The toxicologist 
assaying the toxicity of a new industrial chemical is certainly ministering, though indirectly, 
to the people. The industrial hygiene work of the engineer, the chemist, the physician and 
the physicist represents equally well a ministration to people. No matter that our function 
is prevention of health impairment rather than amelioration or cure. Industrial hygiene is 


ministering. It is professional. 
Ut Meller 
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TRAVELERS... 


PHOTOGRAPHS COURTESY OF THE CONVAIR DIVISION 
OF GENERAL DYNAMICS CORPORATION 


Take the design of a jet transport . . . Build a mock-up section. . . 
Subject it to a liberal assortment of shrieks, whistles, and roars. . . 
Measure and analyze with General Radio Sound Measuring Equipment 
. . . Develop a sound-isolation plan and noise-condition the mock-up 
accordingly . . . Remeasure with G-R sound-measuring and analyzing 
instruments, and refine the acoustical design until the desired effect is 
achieved. 

This prescription will guarantee jet-age travelers the quietest ride of 
their lives. 


Preliminary sound measurements in a 19-foot fuselage section of the Convair 880 jet airliner. In actual 
operation, section ends are sealed and noise is generated in the test building surrounding the section. 

The Sound-Level Meter is a battery-operated instrument direct reading from 24 to 140 db. Three frequency 
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20 c to 20 kc range is also included for use with wide-range microphones or with the many accessories that 
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A G-R Type 1551-A Sound-Level Meter and Type 1550-A Octave-Band Noise 
Analyzer measure sound levels after padding has been applied. 

Operating from the output of the Sound-Level Meter, the Octave-Band Noise 
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rapid evaluation of complex sounds possible. Price is $535. Write for the Sound 
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Major General James P. Cooney, MC 


HEN YOU did me the honor to ask me 

to deliver the Cummings Memorial Lec- 
ture, I gave considerable thought to the selec- 
tion of a topic. I believe I have chosen an ap- 
propriate subject for this lecture—Man’s Re- 
lationship to Man. 

During the past several decades, profound 
changes have taken place in American society. 
These changes are a result of participation in 
two global conflicts, the fantastic improvements 
in the means of travel and communication, a 
large displacement of our rural population into 
extensive urban communities, industrialization 
and redevelopment of sections of our country 
formerly predominantly agricultural, and the 
extension of our educational system to every 
nook and cranny of our country. We have as- 
sumed the role of leadership of the remaining 
free world in an attempt to stem the tide of 
communism and, as a result, have become the 
target of criticism of both ally and the com- 
munist camp. Our people have become in- 
creasingly sensitive to criticism both at home 
and abroad, especially when that criticism is 
aimed at defects in our social structure. 

A tremendous revolution has occurred in 
American industry. The introduction of semi- 
automatic machines, assembly line techniques 
and increasing automation has reduced the im- 
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portance of the skilled craftsman. The net prod- 
uct of our economy has made more of the 
material goods available to our people and made 
competition for the domestic and foreign market 
more intensive. The unionization of mass-pro- 
duction industries and the passage of legislation 
favorable to Labor has increased respect for 
the common working man. Finally, the old-time 
rugged individualist, the captain of industry 
who had complete domination of his particular 
enterprise, has been replaced by a team of 
management experts. This management team 
is composed of specialists in finance, tax and 
legal problems, production engineering, sales and 
advertising, research and analysis, and advisors 
on personnel problems. Irrespective of the talent 
and professional competence of the individuals 
composing the top echelons of any organization, 
the effectiveness of that organization is only 
as good as the interpersonal relations existing 
among the people in the organization. 

The most striking change in our century is 
the change that has taken place in our attitude 
towards human nature and human beings. Newer 
knowledge in psychology has given us better 
insight into human nature, human behavior, 
human relations, and human development. Co- 
incidental with the development of knowledge 
in human behavior, the machine age has made 
a tremendous impact upon the social, economic, 
and political system of our country. Now, all 
of us find ourselves participating in world 
affairs, sensitive about our rights and duties as 
citizens of the United States and increasingly 
conscious that we cannot ignore our neighbor 
or our fellow worker. 

All the tools available to any organization are, 
in the final analysis, wielded by the individual. 
For that reason, I have elected to talk to you 
about the human being. Despite academic defi- 
nitions, I am covinced that the most serious 
problems encountered in any organization, hos- 
pital, factory, supermarket, school, church or 
government are in the field of interpersonal 
relations, or those interactions which take place 
between individuals and other individuals or 
groups. Most of the friction that develops among 
people arises from a feeling of inferiority on the 
part of an individual, his vanity, false pride 
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and an unwillingness to subordinate himself to 
someone else. As a consequence, to accomplish 
his purpose he may resort to the desire to 
“throw his weight around.” Happy is the man 
who has the confidence of his own ability to 
make his mark in another area and make room 
for his fellow man when the occasion arises. 

My concept of good interpersonal relations 
implies unity and cooperation among people. 
Essentially, to achieve these, nothing more is 
necessary than the practice of good will and 
common sense to prevent misunderstanding. 
There are numerous sources of misunderstand- 
ing. Often-times, misunderstanding results from 
the different positions held by two individuals. 
For a supervisor and an employee, the rules, 
objectives and the regulations of an organization 
have a different meaning. Individual attitudes 
of people cause them to view problems differ- 
ently. What is viewed as regimentation by one 
person may be regarded as system and good 
order by another. We frequently misjudge peo- 
ple because we are unaware of their specific 
needs, or because we attempt to apply our own 
standards of right and wrong. One individual 
strives for promotion because of the prestige in- 
volved, another because of the additional pay 
and a third, simply because he does not want to 
be passed over. 

For each need, there is a different substitute, 
but the same substitute may be provided for a 
group of individuals. Frustrated people may be 
misunderstood because the problems of their 
job are not considered. By properly evaluating 
the factors involved, the problems of the job 
may be eliminated or reduced. By understand- 
ing the reasons for human behavior people 
change their attitudes. This, then, suggests that 
there is something we can do to reduce mis- 
understanding. As soon as we recognize this fact 
many problems become soluble without resort 
to methods that create new problems. We can 
do something to change ourselves so that we 
are not misunderstood and not inclined to mis- 
understand others, even if we cannot change 
the nature of the other fellow. 

The individual who achieves the realization 
that he must understand others and, in turn, 
be understood is the one upon whom it devolves 
to keep a group of individuals working as a 
single team, and not as a group of individuals. 
We see practical application of this every day. 
Upon these people falls the responsibility of 
formulating the standards of the relationship of 
man to man in the organization. Man is easy to 
lead: but hard to drive. He will follow with 
enthusiasm the one who provides him with an 


June, 1958 


objective or a sense of mission, but he will not 
be driven by being lashed from the rear. 

Kindness and consideration have, many times, 
saved the pride and respect of an individual 
when frankness would have destroyed his ego 
and made him resentful. One of the best loved 
editors in the United States, Grove Patterson of 
Toledo, Ohio, was remembered by every young 
journalist because of the care with which he 
supported every young man’s pride. A young re- 
porter would come to him, full of enthusiasm, 
with an idea. Although Mr. Patterson would 
immediately recognize that the idea was not 
practical, he would say, “That’s a corking good 
idea. Take it, work it out carefully, going over 
every aspect of it and bring it back to me.” 
The cub reporter would begin examining his 
“stupendous” idea and as doubts began creeping 
into his mind, would begin hoping that Mr. 
Patterson would forget about the subject. He 
usually did and thereby won the lasting affec- 
tion of the young man. 

Harmony and intelligent teamwork are greatly 
increased when a person or group of persons 
is given a real and compelling motive for work- 
ing with others. Once upon a time, a Second 
Lieutenant reported for duty and after the 
Colonel had talked to him in a friendly manner, 
said, “Well, Colonel, we are going to get along 
fine.” The Colonel’s reply was, “Yes, young man, 
and you are going to do all the getting.” His 
dignity had been offended and he missed an 
opportunity to exercise proper guidance. Motiva- 
tion or a sense of purpose must be tactfully 
presented and in such a way that the individual 
feels he is part of a team doing something con- 
structive. People do not achieve great solidarity 
or persevere at it simply because they are to- 
gether. The important thing is that each member 
of the group, to a certain. extent, incorporate 
into his life the thoughts, desires and interests 
of the others. We know that God has never 
created two people alike. Each individual wants 
to be treated with dignity and respect. He de- 
sires recognition. He wants the approval of his 
fellow workers and to be accepted by them. One 
of the best known Commanders in the Pacifie 
War made it a point that when any member of 
his command, however unimportant, was pro- 
moted, decorated or given any recognition, he 
would write a letter to the man’s wife or parents 
and tell them how proud he felt. Because of the 
many small things he did, he commanded the 
love and devotion of all his men. 

Of Major General Henry T. Allen, who com- 
manded our First Army of Occupation in Ger- 
many, a distinguished contemporary once said, 
“Tt surprised us that Allen did so well; in the 
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old Army he was regarded as a swashbuckler.” 
Maybe that was because he was an old cavalry 
man and not only liked to strut but insisted 
that his men “stand tall” right down to the last 
file. He was infinitely considerate of the dignity 
of each man and disciplined himself to further 
their growth and show them some mark of his 
thoughtful regard. His rich, understanding hu- 
manity warmed his men and each was the better 
for having known him. 

A preventive measure to insure good human 
relations is to be tolerant of the opinions of 
others. We recognize that other people are just 
as competent on their jobs as we are. They must 
be given the opportunity to develop their po- 
tentialities and to grow, and to utilize what 
they have to offer. They must be given the 
opportunity to help in the solving of problems 
in the organization. To many people, the op- 
portunity to assist in arriving at a solution is 
a challenge that gives them the feeling of im- 
portance. Excessive supervision creates doubts, 
fears, shyness and discontent in people. To have 
someone breathing down your neck at all times 
isnot a satisfying thing. Where people have been 
given the opportunity to show what they can do, 
they have done a far better job and have been 
much more effective. A relation of mutual con- 
fidence and loyalty must be permitted to de- 
velop. An employee must have faith in his 
superior. 

I believe that the keystone of good human 
relations—person to person and group to group 
—is tolerance or recognition of rights of others 
regardless of how distasteful they may be to us. 

The best way to gain a clear insight into any 
question in which there is a difference of opinion 
is to discuss it amicably. Nothing fosters friend- 
ship faster than getting a man to discuss his 
family, golf game, or his job. Many an execu- 
tive has won the loyalty and devotion of his 
employee simply because he has taken the time 
to ask about a daughter away at school or to ex- 
tend congratulations on the arrival of an heir. 

I do not know if growing old makes us more 
cynical, more exacting, more critical or just more 
observing. It is my observation that certain 
basic qualities which have always been held high 
in our estimation need to be commented upon 
because of their intrinsic value in making hu- 
man beings better individuals, better members 
of any organization and better citizens of this 
country. We have seen a segment of our people 
living on the negative side of life—believing 
that they are entitled to everything they desire 
without exerting any effort on their part. A 
whole generation has been raised in the belief 
that they should be given what they want, say 
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what they please and do whatever his or her 
poor, undeveloped mind dictates. What has hap- 
pened to loyalty, responsibility, integrity, cour- 
age and discipline? 

There is within all men a strong desire to do 
the things they do in their own way and to ex- 
press their desires in words. There is no quarrel 
with this. It is part of our way of life guaran- 
teed to every American by the basic law of the 
land. When criticism becomes loose, thoughtless 
and malicious, then we have a corresponding, 
disruptive effect on the group. A constant ques- 
tioning of individual judgement leads to loss of 
efficiency, instability and chaos. 

The life of any socially upright individual is 
organized around a few basic loyalties: loyalty 
to self, loyalty to beliefs, loyalty to country, 
loyalty to friends and loyalty to humanity in 
general. The amount of satisfaction that an in- 
dividual gets out of life is in direct proportion to 
his faithful adherence and service to these loy- 
alties. Most important, he must keep faith with 
himself. Failing in this, he cannot be loyal to 
anyone or anything. 

We are concerned with loyalty in our daily 
lives as we go about our day-to-day tasks and 
our relationships with our superiors and sub- 
ordinates. It is a fundamental element of self- 
discipline; a willing compliance with the plans 
of the superior, the rules and regulations that 
govern the organization for which we work and 
an unfailing devotion to a cause. 

It is not a blind and servile service to the let- 
ter of the rules and regulations but rather an 
active, intelligent and willing effort to carry out 
the intent of the superior to the best of our 
ability. Once a decision is made, it receives the 
complete and energetic support of the subordi- 
nate. The individual that can be depended upon 
to carry out only those decisions of which he 
approves is worthless to an organization. In 
any group, there are those who, because of he- 
redity and environment, have such a creed of 
indomitable integrity that there is no doubt as to 
their performance of duty. Of this type, we have 
countless examples in public life and in our ex- 
tensive corporate structures. 

But, what about the plain, simple, everyday 
John Doe who is not blessed with this lofty, 
spiritual heritage; the person who was born 
on “the wrong side of the tracks”; the individ- 
ual who is a product of the rough, tough, every- 
day world with all its vicissitudes and misfor- 
tunes? Are we to ignore him or concede with 
the melancholy poet that “God looks for no 
lustre from the minor stars”? 

Obviously, there cannot be any doubt that the 
standards of loyalty and devotion expected, 
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must be the highest from one and all under 
all circumstances. It is just as obvious that these 
people must be treated with patience and un- 
derstanding. We must recognize that their stand- 
ard of performance will be conditioned by the 
conduct of their superiors. The superior who 
sets an example of loose criticism, especially in 
the presence of those people who are directly 
under his supervision cannot be surprised if he 
gets from those people only a similar lack of 
loyalty. At the same time, it is somewhat of an 
American tradition “to blow off steam” and 
griping does not necessarily indicate lack of 
loyalty. Although the griping may be the result 
of an immediate frustration, or it may be noth- 
ing more than an impatient expression, con- 
stant griping is indicative of disaffection. It is 
well to bear in mind the admonition of Elbert 
Hubbard: 

“If you work for a man, in Heaven’s name, 
work for him; speak well of him and stand by 
the institution which he represents. Remember 
—an ounce of loyalty is worth a pound of clever- 
ness. If you must growl, condemn and eternally 
find fault, why—resign your position and when 
you are outside, damn to your heart’s content— 
but so long as you are a part of the institution, 
do not condemn it; if you do, the first high 
wind that comes along will blow you away, and 
probably you will never know why.” 

Loyalty works both ways: loyalty to one’s or- 
ganization and to the people who comprise that 
organization. Each individual expects to be 
treated as a responsible adult and not as a 
schoolboy. He has rights and expects that these 
rights will be respected and safeguarded by his 
superior, the organization and his fellow-work- 
ers. He is ambitious and this ambition must be 
given every reasonable opportunity to express 
itself and receive recognition. 

He has imagination and expects that imagina- 
tion to be stirred and fostered by solicitation 
of his advice and an attentive ear to his sug- 
gestions. He has a sense of fair play and it must 
be honored. When he has a grievance he must 
feel that it will be listened to and the redress will 
be just. He has personal dignity and it must not 
be affronted, mocked or ridiculed. He has pride 
and it must be satisfied by making him feel 
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that he is a respected part of a superior organi- 
zation. 

An individual becomes loyal because loyalty 
has been given him. He learns to serve an ideal 
because an ideal has served him. 

Colonel 8. L. A. Marshall sums it all up in 
his book, Men Against Fire: 

“Once again, however, it might be well to 
speak of the importance of enthusiasm, kind- 
ness, courtesy, and justice, which are the safe- 
guards of honor and the tokens of mutual re- 
spect between man and man. This last, there 
must be, if men are to go forward together, 
prosper in one another’s company, find strength 
in the bonds of mutual service, and experience 
a common felicity in the relationship between 
the leader and the led. Loyalty is the big thing, 
the greatest battle asset of all. But no man ever 
wins the loyalty of troops by preaching loyalty. 
It is given to him as he has proved the posses- 
sion of the other virtues. The doctrine of blind 
loyalty to leadership is a selfish and futile dogma 
except as it is ennobled by higher loyalty in all 
ranks to truth and decency. 

“War is a much too brutal business to have 
room for brutal leading; in the end, its only 
effect can be to corrode the character of men, 
and when character is lost, all is lost. The bully 
and the sadist serve only to further encumber 
an army; their subordinates must waste pre- 
cious time clearing away the wreckage that they 
make. 

“The good company has no place for the offi- 
cer who would rather be right than be loved, 
for the time will quickly come when he walks 
alone, and, in battle, no man can succeed in 
solitude.” 

What about the future? History has taught 
us that great industrial and economic changes 
were always followed by major adjustments in 
man’s relationship to man. The atomic age has 
opened vast new frontiers and horizons. This, of 
necessity, must be accompanied by social change 
the exact form of which cannot be predicted at 
present. But one thing is sure and that is that 
the basic values of loyalty, responsibility, in- 
tegrity, courage and discipline will remain with 
us as long as there is organized society and 
that it is these values which will shape the so- 
cial concepts and the social structures of the 
future. 
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Toxicologic Studies on Organic 
Sulfur Compounds 


1. Acute Toxicity of Some Aliphatic and 
Aromatic Thiols (Mercaptans)* 


EDWARD J. FAIRCHILD, Ph.D. and HERBERT E. STOKINGER, Ph.D. 


Occupational Health Program, Bureau of State Services, Public Health Service, 
U.S. Department of Health, Education, and Welfare, 
1014 Broadway, Cincinnati, Ohio 


studies of organic sulfur 
compounds have been initiated as the result 
of their increased usage in industry and con- 
tinually increasing discovery of new compounds 
which emphasize the multiplicity of these ma- 
terials as constituents of petroleum.!:?: #4 The 
majority of sulfur present in crude oil is organic, 
the total quantity of which is relatively large in 
distillates from various high-sulfur petroleums. 
Past estimates for thiols alone place a value of 
from 150 to 200 tons lost per day from naphthas 
refined in this country.® 

The presence of sulfur compounds other than 
sulfur dioxide and hydrogen sulfide in the at- 
mosphere as contaminants in certain types of air 
pollution have, until very recently, received but 
little attention. Investigations in the Los Angeles 
area are the first attempts toward a compre- 
hensive study of materials released to the at- 
mosphere by petroleum refineries.6 Eight per 
cent of the oil-refining capacity of the United 
States is located in this area. It has been assumed 
that refinery processes convert all sulfur com- 
pounds in petroleum to hydrogen sulfide ‘and 
sulfur dioxide. No information is available on 
the exact nature of materials in refinery emis- 
sions. In addition to small amounts of particulate 
matter, NO», CO, and hydrocarbons, sulfur 
compounds occur, presumably consisting of 
predominantly low-boiling, stable thiols and 
sulfides, as well as H.S and SO; .*: % Other sources 
of atmospheric contamination by sulfur com- 
pounds, possibly some organic, are paper mills, 
tine plants, lead, copper and nickel smelters, and 
coal combustion. The annual losses of sulfur 
from products discharged to the atmosphere 
from these industries are of staggering propor- 
tions.’ Similarly, fuel oil and gas burning, motor 
exhaust fumes and photochemical synthesis 


* Presented before the 18th Annual Meeting of the American 


Industrial Hygiene Association, April 25, 1957, St. Louis, Mis- 
souri. 
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cannot be overlooked as possible sources of 
organic sulfur compounds. 

A search of the literature revealed a paucity 
of information on thiol toxicity and that which 
is reported is often conflicting. Bonsib,? in a 
summary review of the use and toxicity of 
methyl, ethyl and butyl mercaptans, and the 
precautionary measures to be observed, drew 
attention to the conflicting information concern- 
ing these thiols. Oswald® states that mercaptans 
and sulfides properly belong in a class with 
hydrogen sulfide since they are so closely related 
chemically and have a paralyzing action similar to 
that of hydrogen sulfide. The effects of methane- 
thiol upon mice, guinea pigs and rabbits were 
studied by DeRekowski’® who reported it to be 
“very toxic” regardless of the method of ad- 
ministration. He found it to be considerably 
less toxic than hydrogen sulfide, however. 
Frankel" reported similar toxicity for methane- 
thiol, whereas others’ found its toxicity to be 
of the same magnitude as that of hydrogen 
sulfide. In a comparative study" of hydrogen 
sulfide and methyl mercaptan toxicity, the 10-20 
minute fatal concentrations for rats were found 
to be 0.1% by volume (1.5 mg/l) and 1% by 
volume (20 mg/l) respectively. All investigators 
arrived at a mutual conclusion, however, in that 
methanethiol acted upon the respiratory center 
and produced death by respiratory paralysis. 
According to Flury and Zernik" ethanethiol in a 
concentration of 3000 ppm is not injurious to 
dogs, but a level of 10,000 ppm produced con- 
vulsions and paralysis of the respiratory center. 
Sayers, et al.!5 compared the effects of ethanethiol 
inhalation with those of hydrogen sulfide, and 
by analogy with the butyl homologue they con- 
clude that more than 733 ppm of ethanethiol is 
required to kill dogs in 30 minutes. A report by 
Katz and Allison'* states that butanethiol vapors 
are harmless, whereas more recent work” found 
the lethal concentration for dogs exposed 30 
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minutes to be 2.7 mg/] (733 ppm). This is equiva- 
lent to approximately 0.1% by volume and is in 
agreement with the concentration of hydrogen 
sulfide required for a similar response.’ The Army 
Chemical Center conducted studies'® with a 
thiol .mixture (propyl 24%, butyl 55% and 
amyl 21%) and found it slightly toxic to rats, 
rabbits and dogs, but concluded that inhalation 
presents a moderately severe hazard (LD5o for 
rats exposed four hours was 4100 ppm) because 
of the high volatility of the material and its 
production of tracheitis and pneumonitis. 

Information concerning chronic toxicity of 
thiols is almost nonexistent. A single study* is 
cited for rats exposed to butanethiol vapors 
(40-50 ppm), six hours per day, five days per 
week for six months in which time three of six 
animals died. This study was apparently the 
basis for a threshold limit of 10 ppm for butane- 
thiol. 

Data are likewise meager regarding thiol 
toxicity in man. The U. S. Bureau of Mines 
conducted an investigation wherein 11 pounds of 
ethyl mercaptan per million cubic feet of air was 
introduced into the air of rooms occupied by 
sleeping persons; no ill-effects were noted after 
exposure of one-half to several hours.” Cristescu,!* 
however, cites cases in which it was found that 
the inhalation of thiols produced nausea, vomit- 
ing, and diarrhea, as well as temporary excre- 
tion of albumin, casts and blood in the urine. 
In the same report Cristescu cites a case of 
acute thiol poisoning. A worker was seriously 
affected by inhaling unknown quantities and 
kinds of thiols while working in an oil refinery in 
Ploesti, Roumania. The worker, after an esti- 
mated two-hour exposure, was found unconscious 
and deeply cyanotic. Subsequent to treatment, 
observation and release, the patient was read- 
mitted two weeks following exposure complaining 
of chest pains and violent coughing. Reexamina- 
tion showed a lung abscess which was, in the 
words of the author “... nothing but a simple 
coincidence, probably favoured by the bronchitic 
state and a hypothetic anergisant effect of this 
poisoning.” 


Experimental Procedure 
MATERIALS TESTED: 
(a) Ethanethiol (ethyl mercaptan): 

CH;CH:,-SH, 
Molecular weight: 62.13, Density (d 20/4): 
0.8391, 
Boiling point: 34.7°C. 
1-Propanethiol (n-propyl 
CH;(CH:).SH, 
Molecular weight: 76.15, Density (d 20/4): 
0.8337, 
Boiling point: 67.5°C. 


mercaptan) : 
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(c) 2-Methyl-1-propanethiol (isobutyl! mercap- 
tan): (CH3)»-CHCH.SH, 
Molecular weight: 90.18, Density (d 20/4): 
0.8357, 
Boiling point: 88.7°C. 
2-Methyl-2-propanethiol (tertiary butyl 
mercaptan) : (CH3);CSH, 
Molecular weight: 90.18, Density (d 20/4): 
0.8357, 
Boiling point: 64.2°C. 
1-Butanethiol (n-butyl mereaptan): 
Molecular weight: 90.18, Density (d 20/4): 
0.8333, 
Boiling point: 98.4°C. 
1-Hexanethiol (n-hexyl mercaptan) : 
CH;-(CH.);SH, 
Molecular weight: 118.23, Density (d 
20/4): 0.8490, 
Boiling point: 149-50°C. 
Methyl] heptanethiol (tertiary octyl mer- 
captan) : CsH.;SH, 
Molecular weight: 146.28, Density (d 60/ 
60°F) : 0.8513, 
Boiling point: 140.5°C. (Position of —CH, 
and —SH on 7-carbon chain is unknown). 
Benzenethiol (phenyl mercaptan): 
C.H;-SH, 
Molecular weight: 
(d 20/4): 1.078, 
Boiling point: 169.5°C. 
(i) a-Toluenethiol (benzyl mercaptan): 
C.H;-CH.SH, 
Molecular weight: 
20/4): 1.058, 
Boiling point: 194-5°C. 

Each of these compounds is a colorless liquid, 
with the exception of methy] heptanethiol, which 
is a pale straw color. All are slightly acidic 
because of the —SH group. Their solubilities 
vary but little, the lower members, up to Cs, 
being slightly soluble in water, whereas the higher 
homologues are insoluble. All are soluble in 
alcohol and acetone, soluble to slightly soluble 
in olive and peanut oil, and slightly soluble to 
insoluble in propylene glycol. The thiols have 
characteristic disagreeable odors; those of alpha- 
toluenethiol and benzenethiol are slightly nause- 
ating. Gas chromatographic analysis showed six 
of the thiols to be essentially pure compounds; 
the three thiols with the highest boiling points 
could not be analyzed in this manner. The 
benzenethiol was highest purity Eastman Grade. 
Alpha-toluenethiol and methyl heptanethiol had 
calculated purities of 97 and 96 per cent, respec- 
tively. According to the manufacturer, the 
latter probably contains small amounts of 
compounds of a carbon chain below and above 
the molecular weight normally identified with 
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the name. Samples of each of the compounds 
were subjected to infrared analysis and spectro- 
grams have been retained for future reference. 


METHODS 


All experimental animals used in these studies 
were obtained from a local commercial breeder 
and maintained in our housing facilities at least 
one week prior to use. All experiments were 
conducted with males, and, excluding actual 
preparation and exposure time, water and a basic 
diet consisting of Rockland Rat Diet (for rats 
and mice) and Rockland Rabbit Ration were 
always made available. Routine sacrifice of 
rodents was accomplished by separation of the 
cervical vertebrae. Rabbits were sacrificed by 
overdoses of Nembutal injected intravenously. 
Other than those previously designated for early 
sacrifice, all animals were kept at least two weeks 
following an experiment. Most animals were 
held for observation for a month prior to being 
either destroyed or sacrificed for study. Tissue 
specimens were submitted for pathologic exami- 
nation after having first been examined grossly 
and preserved in either buffered formalin or 
Zenker’s fixative. LCs59 values by inhalation were 
calculated by the method of Miller and Tainter? 
using logarithmic-probit graph paper, whereas 
the LDso for all other routes of administration 
was calculated by the method of Weil.”! 

Intraperitoneal Injection. Groups of at least 
five (occasionally 10) Wistar-derived rats, each 
weighing on the average 200 +20 grams, were 
injected intraperitoneally at dosage levels dif- 
fering by a factor of either 1.26 or 2.0 in a geo- 
metric series, according to Weil. In all cases at 
least four groups were used to obtain data for cal- 
culation of the LDs5o by single injection. Because 
of the small dosages required for some of the more 
toxic thiols, these were administered as solu- 
tions in various vehicles. Ethanethiol was ad- 
ministered both undiluted and as a 10 and 50% 
v/v solution in olive oil; single injections of 
benzenethiol and methyl hepthanethiol were 
given as 5% v/v solutions in ethanol, and re- 


5% 
peated subacute doses as 2% v/v solutions were 
administered three times weekly for three and 
four weeks, respectively. 

Oral Administration. Rats were used of the 
same stock and weight as those previously de- 
scribed. Each of the thiols was administered by 
gavage to at least four groups of five rats each. 
Seven of the compounds were given undiluted, 
whereas benzenethiol and methyl heptanethiol 
were administered in ethanol as an 8% v/v 
solution. Rats were dosed at levels in geometric 
progression (factor 1.26 or 2.0) by introducing 
measured amounts of the materials or solutions 
from a hypodermic syringe and blunted needle 


Figure 1. 
Vapors. 


Apparatus for Generation of Thiol 


(8 em, 18 gauge) which was passed through the 
esophagus into the stomach. 

Inhalation Exposure. Five rats and ten mice 
(Swiss-derived, usually averaging 25 to 28 grams) 
comprised the groups of experimental animals 
that were subjected to the inhalation of thiol 
vapors. Four-hour exposure periods were the 
standard operating procedure, except when 
obvious departures from this procedure were 
indicated. Hamsters were used in some compara- 
tive tests. 

The generation of thiol vapors was accom- 
plished by either of two methods: (1) bubbling a 
stream of nitrogen gas (to prevent possible oxi- 
dation to sulfide) through a midget fritted-glass 
bubbler, which contained the liquid thiol, or 
(2) by passage of nitrogen into a borosilicate glass 
nebulizer which contained the thiol. These are 
shown in Figure 1 which indicates how each was 
assembled as part of the exposure apparatus. The 
bubbler (approximate 60 ml, with a 24/40 ground 
joint and a coarse porosity disc) was modified 
by adding an upright side-arm delivery tube 
(8 mm O.D. xX 6 in.) with a 10/30 ground joint 
distal end into which a separatory funnel (60 ml 
cylindrical with teflon-glass valve) was inserted. 
The side-arm was high enough to permit partial 
submersion of the bubbler if a constant tempera- 
ture bath was required. The separatory funnel 
served as a reservoir for the thiol being vaporized, 
and the teflon valve permitted easy delivery of 
the contents into the bubbler. 
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The nebulizer was modified by addition of 
side-arm tubes to make it adaptable to requisites 
of the experiments. An upright tube (8 mm 
O.D. X 6 in.) with a distal socket joint (12/5) 
was annealed to, and confluent with the jet 
inside the nebulizer, thus permitting the intro- 
duction of nitrogen ‘(extreme left—Fig. 1). A 
second tube identical with the first entered one 
side of the nebulizer approximately one centi- 
meter from the bottom and served as an inlet 
for the thiol which was delivered dropwise from 
a burette (Koch, 10 ml). The removable burette 
tip protruded about 5 cm into, and was annealed 
with the expanded (2 em O.D.) bulb-shaped 
end of a short length of glass tubing (8 mm 
O.D. X 3 cm) whose opposite end had a ball 
joint (12/5). The tip, therefore, connected the 
burette with the side-arm delivery tube of the 
nebulizer, thus permitting a flow of liquid from 
the burette into the nebulizer. The flow was 
regulated by observing the drop rate from the 
bulb-encased tip. A third arm (2 em O.D.), 
through which the vapor passed, was annealed 
to the front of the nebulizer and projected 
abruptly upward so that its distal end, a 28/15 
socket, was the same height as the socket-ends of 
the smaller side-arm tubes. These alterations 
permitted a desired feed rate of liquid from the 
reservoir of the burette and this in turn per- 
mitted the maintenance of a constant volume of 
liquid in the nebulizer. This arrangement facili- 
tated the calculation of the total amount of 
liquid delivered and vaporized in a unit of time. 


Ficure 2. Amperometric Titration Assembly 
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It also permitted complete submersion of the 
vaporizing unit in a constant temperature bath, 
Each of the described methods was used inter. 
changeably, but with some of the lower boiling. 
point thiols the bubbler proved more manageable 
and gave more uniform chamber concentrations 
than the nebulizer. 

Desired exposure concentrations of thiols were 
maintained in a glass chamber”: * of approxi- 
mately 18-liter capacity by varying the ratio 
of volume flow (liters/minute) of compressed 
air and compressed nitrogen. Prior to entering the 
chamber, the compressed air was scrubbed by 
passage through a fritted bubbler containing 
potassium dichromate in concentrated sulfuric 
acid, thence through a column of glass woel 
which was followed by a column of Drierite. 
From this it went into a mixing tube which 
received the thiol vapors by another inlet; the 
mixture then passed into the exposure chamber, 

Sampling and Analysis of Exposure Atmosphere. 
During exposure periods the concentrations of 
thiols within the chamber were determined 
routinely by absorption of vapors in either iso- 
propyl! alcohol or acetone containing an excess of 
silver nitrate and titrating the uncombined silver 
amperometrically according to the method of 
Grimes, et al.24 The electrometric analysis as- 
sembly (Figure 2) consisted of a Sargent Ampot 
which served as the current-measuring circuit, 
a bulb-type rotating platinum electrode, a 
sleeve-type calomel pencil electrode (the ref- 
erence electrode), a 2 ml Koch microburette, 
and a friction cone-drive stirrer which was 
modified for use as an electrode holder. The 
modification consisted of an arrangement whereby 
the electrical circuit between the rotating plati- 
num electrode and the current measuring Ampot 
was completed by passage of current through 
the shaft of the stirrer. 

Samples for analysis were collected in an 
Erlenmeyer flask (125 ml capacity with a 24/40 
glass stopper which had 12/5 joints on the inlet 
and outlet) containing an excess of silver nitrate 
of known normality (approximately 0.01 N) 
in 50 ml of acetone or isopropyl alcohol; the 
choice of solvent was determined by the thiol 
used and its solubility therein. After the thiol 
vapors had been metered through this solution, 
the resulting precipitate (silver mercaptide) 
and other contents were quantitatively washed 
from the flask and the excess silver titrated 
amperometrically with standard dodecyl mer- 
captan (approximately 0.044 N). Prior to use, 
the mercaptan was purified by the method of 
Grimes.” 

Accuracy of the sampling technique and 
analytical procedure as applied to this work 
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was tested by vaporizing known amounts of 
thiols using the nebulizer-burette arrangement 
and found to be within 2% of that calculated. 
In tests without animals in the chamber, thiol 
concentrations at the outlet were 1 to 2% lower 
than those sampled at the inlet. This was deter- 
mined for chamber-air change rates of one per 
minute (20 1/min) and one per two minutes 
(10 1/min). With animals, concentrations at 
the outlet were 3.7 and 8.2% lower than at the 
inlet using the same respective air-change rates. 
Chamber concentrations during tests were 
relatively uniform after the first 30 minutes. 
Variation between extremes of vapor concentra- 
tions measured during any one test was never 
greater than 15%, usually being about 9%. 
The minimum variation between concentra- 
tions (high and low) for any one test was 0.4%, 
while the mean variation for all exposures was 
about 4%. 

Ocular Exposure. In general, techniques of 
tests followed those of Draize and Kelly*> for 
testing the irritation of substances on the eye 
mucosa of rabbits. The initial exposures em- 
ployed one rabbit (New Zealand strain) for 
each compound, subsequent tests being governed 
by results of the first. One-tenth ml of thiol 
was instilled in the conjunctival sac of the right 
eye and the left served as a control. If initial 
irritation reactions were slight to moderate 
but persisted after 24 hours, the thiol was ad- 
ministered to the control eye which in turn 
was washed copiously with water approximately 
five seconds after instillation. In cases of severe 
irritation additional rabbits were used to deter- 


reby | mine the effects of water and/or solutions of 
lati- | silver nitrate as an eyewash. Ocular reactions 


were read with a hand slit lamp at 24, 48 and 72 
hours, usually at four days and always at seven 
days after treatment. If residual injury per- 
sisted beyond the first week, readings were 
made at intervals until the condition either 
cleared or became static. 

Percutaneous Application. Cutaneous LD5o 
values for rats, five groups of five each, were 
calculated from mortality data obtained by 
single application of undiluted compounds 
(dosage levels in geometric progression) to a 
clipped area of the animals’ backs. In like 
manner, approximate LD;0 values were deter- 
mined for rabbits in three groups of two each. 
In this method areas of approximately 3 
em? and 6 X 10 cm of the upper midbacks of 
tats and rabbits respectively were clipped as 
close to the skin as possible, care being taken 
to avoid abrasions and cuts. Animals were then 
placed in individual retainers and measured 
amounts of materials were delivered dropwise 
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upon the clipped areas of the skin, exercising 
care in restricting the entire dosage to these 
areas. 


Results 


Intraperitoneal Injection. As seen in Table I, 
benzenethiol and methyl heptanethiol were 
more toxic by a considerably larger factor than 
the other seven thiols when tested in rats. They 
were approximately 20 times more toxic than 
the next most toxic, ethanethiol, and approxi- 
mately 90 times more toxic than the least toxic, 
2-methyl-l-propanethiol. On the basis of a 
single, acute, intraperitoneal dose, therefore, 
benzene- and methyl heptanethiol might be 
considered as “highly” toxic, whereas the 7 
other thiols range from “moderately” 
to “slightly” toxic. Delayed toxicity with inter- 
mittent mortality was observed to some extent 
for all but alpha-toluene- and methyl heptane- 
thiol. This is seen after comparison of LDs5o 
values for the 24- and 48-hour and 15-day 
periods; the 24-hour LDs5o values for compounds 
other than alpha-toluene- and methyl heptan- 
ethiol are approximately 2 to 1.5 times greater 
than are the respective 15-day values. As indi- 
cated by the cumulative mortality data, much 
of the delayed toxic response occurred sub- 
sequent to the 48-hour post-injection period. 

The course of thiol toxicity, at least for ethane- 
thiol, was considerably altered when ad- 
ministered in an oil vehicle. Injections of 840 
mg/kg as a 50% v/v solution in olive oil did 
not produce 100% mortality (10 rats) until 
64 hours post-injection and the first death did 
not occur until 42 hours. Undiluted ethanethiol 
in this dosage produced 100% mortality in 3 
to 7 hours (Table I). These differences are 
apparently a function of absorption rates. It 
was found, however, that this dosage of thiol-oil 
mixture did not produce any mortality if ad- 
ministered approximately 24 hours after prepara- 
tion of the solution. This suggested a reaction 
between the thiol and the olive oil, possibly 
between the —SH group and the double bonds 
of the unsaturated components of olive oil. In 
an effort to confirm this, ethanethiol was given 
as 50% v/v solutions in undecylenic (unsatu- 
rated) and undecylic (saturated) acids. The 
toxicity of ethanethiol (840 mg/kg) in these 
vehicles, as judged by mortality per unit time, 
was not appreciably altered from that found for 
the undiluted thiol. Thus no light was thrown 
on the possible action of the thiol in olive oil. 
Similarly, ethanethiol (same dosage) was given 
as 50% v/v solutions in propylene glycol and 
petrolatum and produced 100% mortality (5 
rats) in 20 to 50 and 30 to 40 hours, respectively. 
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TABLE I 
Toxicity Data for Rats Following Single Intraperitoneal Injections of Thiols 


Dose 
mg/kg 


Cumulative Mortality Following Administration for Day 


2 3 10 


Ethanethiol 


LDso (mg, kg) 
Confidence Limits 


0/10 0/10 
0/10 0/10 
4/10 5/10 
10/10 (All dead in 3 to 7 hrs.) 
5/5 (All dead in 2 hrs.) 
420 
331-532 


Propanethiol 


209 
418 
836 
1672 
LDso (mg/kg) 
Confidence Limits 


0/5 
0/5 0/5 
1/5 3/5 
5/5 (All dead 3.5 to 9 hrs.) 
1028 780 
781-1298 556-1096 


2-Methyl-1-propanethiol 


209 
418 
836 
1672 
LDso (mg/kg) 
Confidence Limits 


0/5 0/5 0/5 
0/5 0/5 1/5 
0/10 0/10 2/10 
5/5 (2/5 dead 6 hrs.; 5/5 dead 12 hrs.) 
1183 

939-1487 


0/5 
1/5 
2/10 


917 
575-1345 


2-Methyl-2-propanethiol 


209 
418 
836 
1672 
3344 
LDso (mg/kg) 
Confidence Limits 


0/5 0/5 0/5 
0/5 0/5 0/5 
0/5 1/5 2/5 
5/5 (2/5 dead 2 hrs.; 5/5 dead 7 hrs.) 
5/5 (5/5 dead 1/2 hr.) 
1182 1029 

939-1487 780-1358 


Butanethiol 


209 
418 
836 
1672 
(mg/kg) 
Confidence Limits 


0/5 0/5 
0/5 0/5 
4/5 4/5 
5/5 (All dead 5 to 8 hrs.) 
679 

515-896 


399 
257-619 


Hexanethiol 


212 
424 
848 
1696 
LDso (mg/kg) 
Confidence Limits 


0/5 
1/5 
4/5 
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TaBLeE I. (Continued) 


2 


. 0/5 0/5 
8.6 0/5 0/5 


10.8 1/5 1/5 
13.6 3/5 3/5 
17.1 


(mg/kg) 
Confidence Limits 


12/9 
11,2-14.9 


Cumulative Morality Following Administration for Day 


Methyl Heptanethiol* 


3 5 10 


0/5 

0/5 0/5 0/5 0/5 
1/5 1/5 1/5 1/5 
3/5 3/5 3/5 3/5 


5/5 (3/5 dead 1/2 hrs.; 5/5 dead 7 hrs.) 
5/5 (3/5 dead 40 mins.; 5/5 dead 4 hrs.) 


Benzenethiol® 


tue ’ 0/5 0/5 0/5 0/5 0/5 0/5 
13.5 0/5 0/5 0/5 0/5 2/5 2/5 
27.0 3/5 3/5 3/5 5/5 (one dead 6 hrs. past 5 days) 
54.0 5/5 (All dead 1 hr. 10 mins.) 
108.0 5/5 (All dead 1 hr. § mins.) 
LDw (mg/kg) 25.2 9.8 
9 Confidence Limits 17.9-35.4 7.0-13.7 
Alpha-Toluenethiol 
a 132 0/5 0/5 0/5 0/5 0/5 0/5 
264 0/5 0/5 0/5 0/5 1/5 1/5 
529 4/5 4/5 4/5 4/5 4/5 4/5 
1058 5/5 (All dead 7 hrs.) 
LDw (mg/kg) 429 373 

“ Confidence Limits 325-566 252-553 

—s ® Administered as 5% v/v solution in ethanol. 

——J| If the solutions were administered 24 hours system (CNS) stimulant rather than a depres- 
after preparation, no mortality resulted. Mecha- sant. The material was fast-acting and produced 
nisms involved in the interaction of these ma- symptoms 2 to 3 minutes post-administration. 
terials are yet unknown. The initial observable response, regardless of 

Thiols were found to have a common toxico- dosage, was respiratory stimulation. For toxic 
logie property of being soporific, the degree doses this was followed within 3 to 5 minutes 

6 ranging from mild stupor to heavy sedation. by a definite pattern of CNS stimulation, initially 

___| Relatively deep sedation was produced by _ characterized by a “threshold effect’?* con- 
maximal sublethal intraperitoneal doses of sisting of localized minimal convulsive move- 
butane-, propane- and especially ethanethiol. ments in the form of repeated facial and ear 

~ | The sedative action of these thiols persisted twitches. An increase in dosage (up to 5-8 
for one to several hours followed by a lethargic mg/kg) invariably increased the intensity of 
condition for varying periods of time. These this effect to produce single or repeated jerking 
conditions were slight for the aromatic thiols. movements resulting in pro- and/or retropulsive 

| The response of the thiol-injected rats was thrusts of the trunk. Usually after one or a 

___ } fairly uniform in that symptomatology of acute series of these movements rats developed cir- 
poisoning developed in the order of: restlessness, cumscribed clonic convulsions limited to forebody 
increased respiration, incoordination, muscular and forelegs, frequently resulting in assumption 

| Weakness, skeletal muscle paralysis in most of a sitting “squirrel-like” position while “pawing 
cases (starting with hind limbs), heavy to mild the air.’’ This response always occurred in the 
cyanosis, lethargy and/or sedation, respiratory more toxic dose range (above 15 mg/kg) and 
depression followed by coma and death in developed into generalized clonic seizures in- 

a cases of lethal doses. volving both fore and hind limbs simultaneously 


_ Methyl heptanethiol was an exception since 
it was shown to be a potent central nervous 


usually causing a loss of the upright position. 
In cases of maximal nonlethal and lethal doses, 
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TaBLeE II 
Toxicity Data for Rats Following Single Oral Dose of Thiols 


Cumulative Mortality Following Administration for Day 


2 3 5 10 


210 
420 
840 
1680 
3360 
LDeo (mg/kg) 
Confidence Limits 


Ethanethiol 


0/5 0/5 / 0/5 
0/5 C/5 0/5 
2/5 2/5 / 3/5 (7th) 
4/5 4/5 / 
5/5 (All dead 4 to 7 hrs.) 
1034 
667-1603 


0/5 
0/5 
4/5 (11th) 


682 


Propanethiol 


1327 
1672 
2107 
2654 
3344 
LDse (mg/kg) 
Confidence Limits 


0/5 0/5 0/5 
0/5 0/5 1/5 (4th) 
3/5 3/5 4/5 (9th) 
5/5 (4/5 dead 42 hrs.; 5/5 dead 50 hrs.) 
5/5 (1/5 dead 4 hrs.; 5/5 dead 10-20 hrs.) 
2362 2055 
2014-277 1836-2300 


2-Methyl-1-propanethiol 


1672 
3344 
6688 
13376 
26752 
LDse (mg/kg) 
Confidence Limits 


5/5 (3/5 dead 6 hrs.; 5/5 dead 10-20 hrs.) 
10,865 7168 
7009-16,850 4624-11, 120 


2-Methyl-2-propanethiol 


1672 
3344 
€688 
13376 
LDse (mg/kg) 
Confidence Limits 


/5 0/5 0/5 
0/5 0/5 0/5 
5/5 (4/5 dead 12 hrs.; 5/5 dead 32 hrs.) 
5/5 (4/5 dead 7 hrs.; 5/5 dead 20 hrs.) 
5432 4729 
4117-7168 3756-5954 


Butanetbiol 


LDso (mg/kg) 
Confidence Limits 


0/5 0/5 
2/5 / 2/5 
2/5 / 4/5 (7th) 
4/5 / 4/5 
5/5 (5/5 dead 28-31 hrs.) 

5/5 (All dead 6-20 hrs.) 

2575 1683 

2145-3090 1346-2105 


0/5 
2/5* 
4/5 
4/5 


1500 


1244-1809 


Hexanethiol 


LDw (mg/kg) 
Confidence Limits 


0/5 
0/5 
2/5 
2/5 
5/5 
1580 
1347-1855 


1254 


1084-1451 
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TaBLeE II. (Continued) 


Cumulative Mortality Following Administration for Day 


2 


3 


5 


Methyl] Heptanethiol® 


34.2 0/5 0/5 / 0/5 0/5 5° 
oi 54.2 1/5 1/5 1/5 1/5 1/5 1/5 
68.3 2/5 2/5 2/5 2/5 2/5 2/5 
86.1 1/5 1/5 1/5 1/5 1/5 1/5 
ith) 108.5 5/5 (All dead 3 hrs.) 
(mg/kg) 85.3 
Confidence Limits 69.6-100.2 
Benzenethiol® 
216 0/5 0/5 0/5 0/5 0/5 0/5 
ik 43.0 3/5 3/5 3/5 3/5 3/5 3/5 
86.2 4/5 4/5 4/5 4/5 4/5 4/5 
172.5 5/5 (All dead 5 hrs.) 
LDw (mg/kg) 46.2 
Confidence Limits 29.8-71.6 
Alpha-Toluenethiol 
3 
——-~ 132 0/5 0/5 0/5 0/5 0/ 
264 0/5 0/5 0/5 0/5 0/5 0/5 
528 0/5 0/5 0/5 3/5 3/5 3/5 
1056 3/5 5/5 
2112 5/5 (All dead 6-10 hrs.) 
LDw (mg/kg) 985 493 
Confidence Limits 702-1383 351-692 
* One additional death on day 17. 
> Administered as 8% v/v solution in ethanol. 
* One death occurred day 19 from pneumonia. 
2 to 3 clonic seizures occurred at 3 to 4—-minute jection) after several convulsive seizures. Neither 
intervals. These were followed by one or more _ this group of rats nor those injected with benzene- 
tonic seizures involving extensor tonus of both thiol showed significant weight losses, although 
fore and hind legs. After this phase of seizure the averages were slightly lower than control 
rats (generally) showed a marked degree of rats. It was noted that all but one rat receiving 
emprosthotonus. Exophthalmus with conjuncti- methyl heptanethiol exhibited the typical 
___ | val congestion and slight to heavy salivation threshold effects and light to moderate cir- 
were associated with seizures. In cases of maxi- cumscribed clonic seizures. One _ thiol-injected 
__— } mal lethal doses the animals often died in the rat displayed the toxic signs shortly after each 
emprosthotonic condition, but usually there of eleven of the 14 injections, two showed signs 
: was muscle relaxation, irregular labored breath- after each of nine injections and one rat responded 
ing, coma and death. with seizures after each of four injections. The 
Repeated Intraperitoneal Injections. The marked intensity of response shown by any one rat 
toxicity of benzene- and methyl heptanethiol varied during the injection schedule, but in 
indicated the desirability of determining the no case did it appear to increase progressively 
- possible cumulative toxic effects of the material with the number of injections. 
when injected repeatedly at low levels (14 Oral Administration. As seen in Table LI, 
_ |} LDs). Accordingly, benzenethiol was admin- thiol toxicity was considerably less when ad- 
istered to each of six rats in 9 doses of 3.5 mg/kg ministered by gavage than by the intraperitoneal 
as a 2% v/v solution in ethanol over a three- route. Again, however, benzenethiol and methyl 
week period. One rat died the seventh day. heptanethiol were markedly more toxic, having 
Similarly, methyl heptanethiol was administered respective LDs0 values approximately 10 and 6 
| to six rats in 14, 144 LDso doses of 4.3 mg/kg times greater than the next most toxic sub- 
151 (2% v/v solution in ethanol) during one month. stance, alpha-toluenethiol. Similarly, they were 


One rat died on the seventh day (fourth in- 


approximately 150 and 85 times, respectively, 


@ 
$ 
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TaBLeE III 
Toxicity Data on Four Hour Inhalation Exposures of Ruts and Mice to Thiol Vapors 


Cumulative Mortality During and After Exposure 


Analyzed Conc’n 
ppm Rats 


48 Hr. 15 Day 0-4 Hr. 24 Hr. 


Ethanethiol 


0/5 0/5 0/5 

0/5 0/5 0/5 

0/5 0/5 0/5 

0/5 1/5 1/5 

3/6 3/6 4/6 

2/5 2/5 2/5 

5/5 

2/6 2/6 2/6 
LCs 4870 4565 4420 2770 
Confidence Limits 4783-4957 4448-4682 4299-4541 2661-2879 


Propanethiol 


3050 0/6 0/20 0/20 4/20 
4500 0/6 8/20 10/20 10/20 
8340 / 4/6 20/20 
11260 10/10 (All dead 2 hrs. 15 min.) 
LCoso (estimated) 4950 


2-Methyl-1-propanethiol 


10030 0/6 0/6 

17600 0/6 0/6 

21150 0/6 0/6 

25065 0/6 0/6 
LDso (not calculable) 


2-Methyl-2-propanethiol 


11520 0/6 0/6 

15465 0/6 0/6 

25495 4/6 4/6 
LCso (estimated) 22,200 


Butanethiol 


0/6 0/6 0/6 
0/5 0/5 
2860 0/5 0/5(13) 1/5 
3850 1/5 2/5 
5460 / 4/5 4/5 4/5° 
6000 5/5 
LCs 4460 4280 4020 
Confidence Limits 4132-4786 3959-4601 3656-4384 


1-Hexanethiol 


220 
383 
456 0/6 0/6 0/6 
822 / 1/6 1/6 2/6 
1224 3/5 3/5 3/5° 
12€0 2/6 4/6 4/6 
1475 4/5 5/5 
LCso 1200 1145 1080 
Confidence Limits 1115-1285 1044-1236 930-1230 487-613 
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III. (Continued) 


Cumulative Mortality During and After Exposure 


Analyzed Conc’n 


ppm Rats 


Mice 


48 Hr. 


15 Day 


04 Hr. 24 Hr. 48 Hr. 15 Day 


Methyl Heptanethiol 


0/5 0/5 0/5 
1/6 1/6 1/6 
1/5 1/5 1/5 
3/5 3/5 3/5 
5/5 (All dead 3 hrs. 10 min.) 


6/6 (All dead 2 hrs. 50 min.) 
6/6 (All dead 2 hrs. 45 min.) 


LCs 51 
Confidence Limits 46.5-54.5 


0/5 0/10 
1/6 2/10 
1/5 4/10 
3/5 9/10 


0/10 
2/10 
4/10 
9/10 


10/10 (All dead 3 hrs.) 
10/10 (All dead 1 hr. 35 min.) 


47 
45.3-48.7 


Benzenethiol 


20 0/5 0/5 0/5 
31 0/10 0/10 0/10 


41 0/6 0/6 1/6 

52 6/5 0/5 2/5 

79 0/10 1/10 

132 10/10 (All dead 3 hrs.) 
59 
50.7-67.3 


3/10 


Confidence Limits 


10/10° 


29.6-36.4 


0/5° 0/10 
5/10 0/10 
4/6 4/10 
5/5 9/10 


0/10 
0/10 
7/10 
10/10 
5/5 (2 hrs. post exposure) 


0/10 
3/10 
8/10 


0/10. 
7/10, 
10/10 


33 47 
43.4-50.6 


35.5 28 
32.4-38.6  24.8-31.2 


Alpha-Toluenethiol 


0/6 0/6 0/6 
0/6 0/6 0/6 
0/6 0/6 0/6 
0/6 0/6 0/6 
0/6 0/6 0/6 
0/6 0/6 0/6 
Not calculable“ 


0/6 0/10 
0/6 0/10 
0/6 0/10 
0/6, 0/10 
1/6" 3/10 
1/6’ 10/10 
195 (est.) 


0/10 
0/10 
0/10 
0/10. 
6/10’ 


178 (est.) 


® 5th rat died day 17—pneumonia. 

bone additional death day 19—pneumonia. 

* one additional death day 17—pneumonia. 
8th mouse died day 13—pneumonia. 


° 3 died day 6, 4th died day 11, 5th died day 16—3 died from pneumonia. 


2 deaths from pulmonary infections—some pneumonia. 
®7 deaths between days 3 and 8—some pneumonia. 
s died day 13 with pneumonia. 
died day 7. 
one died day 3, two died day 4. 


higher concentrations not used because of heavy condensation and other technical difficulties. 


more toxic than the least toxic 2-methyl-1l-pro- 
panethiol. Classification” in order of decreasing 
toxicity for the oral route shows but one com- 
pound, benzenethiol, as “highly” toxic, methyl 
heptane- end alpha-toluenethiol as “moderately” 
toxic, ethane-, hexane-, butane-, propane-, and 
2-methyl-2-propanethiol as “slightly” toxic, 
and 2-methyl-l-propanethiol as ‘practically 
nontoxic.” Latent toxicity was not observed 
80 frequently orally as intraperitoneally, but 
waz observed to some extent for all except 
methyl heptanethiol and benzenethiol. 


Signs of acute toxicity for the oral route were, 
with few exceptions, essentially the same as 
those described for the intraperitoneal route. 
The sedative action characteristic of most of 
the thiols was evident, but was especially 
pronounced for hexanethiol; in maximal sub- 
lethal doses rats were in deep comatous sleep 
for approximately 48 hours. In addition, diar- 
rhea was pronounced for those compounds 
administered in relatively large doses. 

Inhalation Exposure. Mortality data in Table 
III shows that mice were more susceptible to 
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the toxic action of thiols than were rats. Com- 
parison of 15-day post-inhalation LCs values 
indicated that thiol vapors, except those of 
benzene- and methyl heptanethiol, were ap- 
proximately twice as toxic for mice. The range 
of toxicity (expressed as per cent of dose) was 
greater than that found for either the intra- 
peritoneal and oral routes; benzene- and methyl! 
heptanethiol were more toxic than least toxic 
2-methyl-2-propanethiol by a factor of approxi- 
mately 600 and 400, respectively. Toxicity 
classification” based on single 4-hour exposures 
shows benzene- and methyl heptanethiol as 
“highly” toxic, alpha-toluene- and hexanethiol 
as ‘‘moderately” toxic, butane-, ethane- and 
propanethiol as “slightly” toxic, and 2-methyl-2- 
propane- and 2-methyl-l-propanethiol as “prac- 
tically nontoxic.”” A higher incidence of latent 
toxicity was observed for rats than for mice, 
as seen in Table III, but neither species showed 
this from exposures to methyl heptanethiol. 
An especially marked degree of latent mortality 
was observed in both rats and mice exposed to 
benzenethiol vapors. 

Both rats and mice exhibited signs of intoxica- 
tion which, with the exception noted below 
were similar to those observed in rats for other 
routes of administration. Maximal sublethal 
and lethal concentrations of thiols other than 
methyl] heptanethiol induced characteristic symp- 
toms of toxicity, i.e., increased respiration and 
restlessness (hyperactivity in mice), incoordinated 
movement and staggering gait, muscular weak- 
ness, partial skeletal muscle paralysis beginning 
in hind limbs, light to severe cyanosis, tolerance 
of prone position, and mild to heavy sedation. 
Fatal responses usually followed one of two 
patterns: (1) animals exposed to maximal lethal 
concentrations died from respiratory arrest 
while in or shortly after removal from the cham- 
ber, and (2) those animals exposed to minimal 
lethal concentrations died while in a semi- 
conscious condition of long duration. Animals 
exposed to ethane-, butane- and hexanethiol 
very often remained in a semi-conscious condi- 
tion of sedation and lethargy 4 to 6 hours post- 
exposure before showing signs of recovery. 
Occasionally a period of deep lethargy of 18 to 
28 hours intervened before visible signs of 
recovery occurred from exposure to butane- 
and hexanethiol. On the other hand, the aromatic 
thiols induced some lethargy and sedation which 
was quickly terminated upon exposure to normal 
atmosphere. 

Inhalation of methyl heptanethiol vapors 
produced signs of intoxication similar in type 
but varied in developmental pattern from those 
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described for the intraperitoneal and oral routes, 
The appearance of the initial threshold effects 
and subsequent seizures were dependent upon 
vapor concentrations to which the animals 
were exposed, whereas for other routes the 
response of CNS stimulation appeared 6 to 10 
minutes post-administration irrespective of dos- 
age. Exposure to 110 ppm of vapor induced 
several close interval (2-3 minutes apart) 
threshold effects and mild circumscribed clonie 
seizures within 10 to 15 minutes. Exposure to 64 
to 78 ppm induced the initial responses in ap- 
proximately 20 to 30 minutes, with an interval 
of several minutes between effects. Low con- 
centrations required 45 minutes to 1.5 hours 
exposure prior to initiation of the first observable 
threshold effect, and occasionally no response 
occurred until the last hour of exposure. During 
the course of exposure to the lowest concentra- 
tion used, response consisted of pro- and retro- 
pulsive movements at varied intervals and 
an average of two mild circumscribed clonie 
seizures. 

Most of the thiols were irritating to the mucous 
membranes within approximately 15 minutes 
after exposure of animals to high concentrations 
as evidenced by their rubbing of the eyes and 
nose, eye closure, occasional sneezing, watering 
of the eyes, and retracting of the head. These 
signs were not observed in animals exposed to 
methyl heptanethiol. Corneal opacities or cloudi- 
ness in the eyes often occurred in mice just prior 
to or after death from exposure to propane-, 
butane-, and benzenethiol and_ occasionally 
ethane- and hexanethiol. Rarely was this condi- 
tion seen in rats. 

Inhalation LCs50 values were not calculable 
for some of the thiols. Sufficiently high con- 
centrations of alpha-toluenethiol vapors could 
not be obtained because of heavy condensation 
which occurred in the chamber and inlet tubes. 

Ocular Exposure. The signs of eye irritation 
observed during inhalation exposures and the 
marked toxicity of ,benzene- and methyl hep- 
tanethiol via all routes of administration indi- 
cated the desirability of determining the local 
effects of thiols on the eye as well as possible 
systemic effects of the two above mentioned 
by this route. Each of the compounds tested, 
with the exception of hexanethiol, produced 
irritation of eye mucosa, although slight to 
moderate for all but benzenethiol. The latter 
not only produced severe irritation of the con- 
junctivae but also proved injurious to the cornea. 
The instillation of 0.1 ml of benzenethiol into 
the conjunctival sac of one eye of each of three 
rabbits produced moderate to severe redness, 
chemosis and discharge for three to four days 
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post-treatment. These conditions gradually sub- 
sided until final clearance of the conjunctivae on 
the 10th, 14th and 16th days. Corneal opacities, 
diffuse but involving three quarters of the cornea, 
developed in two rabbits on the fourth day and 
gradually increased in density to the 16th and 
19th days, when opalescent areas covered 
details of the iris and caused difficulty in dis- 
cerning pupil size. All evidence of corneal in- 
jury disappeared at 1.5 months following treat- 
ment of one rabbit and two months for the other. 
The treated eye of the third rabbit showed the 
same degree of corneal opacity as did the others, 
but subsided after the seventh day so no sign 
of injury persisted three weeks post-instillation. 
Injury from benzenethiol occurred to an even 
greater degree in rabbits whose eyes had been 
flushed with water. Eye conjunctivae of two 
animals showed signs of irritation until the 16th 
and 2ist days post-treatment and _ corneal 
injury in the form of opacity developed to the 
fullest extent, i.e., opalescent areas completely 
obscured the iris at about three weeks in one 
rabbit while the other showed slightly less 
injury. These conditions persisted several weeks 
prior to the advent of recovery, and ultimate 
clearing occurred in approximately four and 
three months. Solutions of 0.5 and 1% silver 
nitrate, which complexes with thiols, were tested 
as an eyewash with two rabbits which had been 
administered benzenethiol; significant differences 
could not be detected between washed eyes 
and those receiving benzenethiol alone. Flushing 
with 0.5% silver nitrate solution immediately 
after thiol instillation followed by copious 
amounts of water sufficient to remove the visible 
silver-sulfhydryl complex, however, afforded 
good protection from the harmful effects of the 
thiol. Two rabbits treated in this manner showed 
slight inflammatory reaction of eye conjunctivae 
which had disappeared by the seventh and ninth 
days, and only one showed corneal opacity, 
this being diffuse and involving less than one 
quarter of the cornea. At no time did benzene- 
thiol, or any other thiol tested, produce symptoms 
of systemic toxicity in treated rabbits. 
Propanethiol was the only other compound 
which produced a severe degree of irritation 
beyond 48 hours. Instillation of this material 
produced heavy discharge and rather severe 
redness of the palpebral conjunctivae at the 24- 
through 96-hour readings, and chemosis (swelling 
with lids about half-closed) appeared at 48 hours. 
These conditions, which were the same for eyes 
washed with water, gradually subsided until 
final disappearance on the eighth day, post- 
treatment. 
Depilation frequently 


occurred in areas 
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around and below the eyes of rabbits from contact 
with benzenethiol as a result of washing. This 
effect was prominent at 5 to 6 days post-instil- 
lation and persisted 2 to 3.5 weeks. 

Percutaneous Application. The toxicity of 
benzenethiol and methyl heptanethiol via skin 
absorption was assayed because of the marked 
effects of these compounds relative to other 
thiols. Mortality data and LDso values with 
confidence limits for rats, and estimated LDs59 
values for rabbits are presented in Table IV. 
It is seen that benzenethiol was approximately 
five times more toxic for both rats and rabbits 
than was methyl heptanethiol when administered 
percutaneously. The former compound is clas- 
sified?” as ‘“‘moderately”’ toxic while the latter is 
“slightly” toxic by this route. As observed for 
other routes of administration, benzenethiol 
produced some latent toxicity in both species 
whereas methyl heptanethiol did not. 

Symptoms of toxicity induced by cutaneous 
application were similar to those previously 
described. Prior to their onset, however, rats 
exhibited irritative responses characterized by 
“ground-pawing” movements and frequent at- 
tempts to scratch and bite their backs. Methyl 
heptanethiol induced pre-seizure effects char- 
acteristic of this material. Benzenethiol-treated 
rats often displayed tremors followed by a 
convulsion of short duration prior to respiratory 
depression and coma. Rabbits, on the other hand, 
did not exhibit the signs of irritation seen in 
rats but did undergo methyl heptanethiol- 
induced pre-seizure symptoms prior to onset 
of fatal clonic and tonic seizures. 

In addition, these compounds produced an 
inflammatory reaction of the skin a few hours 
after application. The redness usually disap- 
peared within 24 to 48 hours. Benzenethiol 
had a lesser depilatory effect than was observed 
in rabbits treated intraocularly with this material. 

Pathology. Autopsies made on animals dying 
from acute doses of thiols administered in- 
traperitoneally, orally and percutaneously usually 
did not show significant gross or microscopic 
tissue changes. Rats receiving methyl heptane- 
thiol had petechial and occasional small focal 
hemorrhages of the lungs, apparently caused 
by the violent convulsive seizures elicited by this 
material. Animals surviving single near-lethal 
doses by the intraperitoneal and particularly 
the oral routes, and sacrificed at various times 


within 20 days post-treatment, frequently 
showed pathologic changes which, although 


inconsistent, were indicative of liver and kidney 
damage. Microscopic examination revealed oc- 
casional marked changes in the kidneys of rats 
administered ethane-, 2-methy]-1- 


propane-, 
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Tasie IV 
Toxicity Data for Rats and Rabbits Following Single Cutaneous 
Applications of Benzenethiol and Methyl Heptanethiol 


Rat 
4-8 


Mortality at Hours After Treatment 


8-16 


Benzenethiol 


67 

134 / 0/5 

213 / 0/5 

269 1/10 

339 / 4/5 

427 4/5 

538 5/5 
LDso (mg/kg) 300 
Confidence Limits 236-384 


0/3 0/3 0/3 0/3 
0/5 0/3 0/3 1/3 2/3 
1/5 
1/10 3/3 (All dead 4 hrs.) 
4/5 
4/5 


estimated to be 134 


Methyl Heptanethiol 


213 0/5 
427 / 0/5 
854 0/5 
1708 3/ 3/5 
3416 
LDso (mg/kg) 1954 
Confidence Limits 


1135-2238 


0/5 0/2— 0/2 0/2 0/2 
0/5 0/2 0/2 0/2 0/2 
0/5 2/2 

3/5 


estimated to be 600 


propane-, and 2-methyl-2-propanethiol. Predomi- 
nant changes were: degeneration with swelling 
and some necrosis of the tubular epithelium, 
thickening of Bowman’s capsule, and hyaline 
deposition in glomerular tufts. More often, these 
and other thiols produced only minor lesions 
with varying degrees of cloudy swelling of the 
tubules and hyaline casts in the lumina. In 
general, liver changes were characterized by 
lymphocytic infiltration, occasional necrotic 
foci with small hemorrhages, and varying degrees 
of fatty degeneration. Only rarely did tissue 
studies show significant pathologic conditions 
as the result of relatively small doses of thiols. 

Single intraperitoneal injections of near- 
lethal doses of thiols did not significantly affect 
the kidneys of rats, but effects were somewhat 
more prominent in the liver. The histopathologic 
changes in the liver may be generalized lym- 
phocytic infiltration of the portal spaces, 
varying numbers of necrotic foci, occasional 
small hemorrhages, and a mild to moderate 
degree of fatty degeneration. These conditions 
were more often noted in animals receiving in- 
jections of ethane-, propane-, 2-methyl-1-pro- 
pane-, 2-methyl-2-propane-, and hexanethiol, 
but never in animals receiving methyl heptane- 
thiol. 

Repeated subacute injections of benzenethiol 
produced only minor lesions. Fibrous thickening 
of the spleenic capsule was noted, which ap- 


peared to be a result of repeated intraperitoneal 
irritation. In addition, enlargement of the spleen 
was a common observation. In some rats the 
tubules of the kidneys showed a mild degree 
of cloudy swelling with hyaline casts in the 
lumina, and hyperemia of the adrenal medulla 
was a constant finding in all rats. Spherical 
macrophage accumulations among liver cords 
were frequently seen but were of doubtful 
significance, inasmuch as they are occasionally 
seen in “normal” rats. 

Repeated injections of methyl heptanethiol 
produced marked fibrous ‘thickening of liver 
and spleen capsules, otherwise the changes in 
internal organs were within normal limits. 
Sections from the brains of rats given these 
injections revealed no changes of consequence. 
In the cortex there was dilatation of pericapil- 
lary spaces, presumably due to mild edema, and 
the pial blood vessels were slightly engorged. 
Some vaculolization and gliosis was encountered 
but no changes could be demonstrated in nerve 
cells. 

Animals dying several hours after exposure 
to high vapor concentrations showed mild to 
severe hyperemia of the trachea and _ lungs. 
Those dying from inhalation of methyl heptane- 
thiol usually had petechial hemorrhages in the 
lungs. Moderate to near-lethal exposures to 
any given compound produced greater effects 
in mice than in rats. Characteristic findings, 
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varying in degree of severity but most prominent 
in mice exposed to butane-, hexane- and benzene- 
thiol, were: liver changes consisting of cloudy 
swelling and fatty degeneration as early as 18 
hours post-exposure, and necrosis which oc- 
easionally covered large areas; lung changes 
consisting of capillary engorgement, patchy 
edema and occasional hemorrhage; kidneys 
showed varying degrees of cloudy swelling, 
but more often mild to moderate; and rarely, 
benzenethiol-exposed mice showed hyperplasia 
of the spleen. Tissue studies of rats revealed 
essentially the same type of pathologic conditions 
as did mice, except for a high incidence of acute 
pneumonia. This was especially noted for 
benzenethiol-exposed rats in which emphysema 
was a constant finding. Hyperemia varied greatly 
and in some rats patchy edema was found but 
usually associated with pneumonia. 

Histopathologic findings in animals exposed 
to thiol vapors, particularly those of benzenethiol, 
raised the question as to whether there was a 
true increase of pneumonia as a result of in- 
halation of these vapors. Evidence that ben- 
zenethiol is capable of exacerbating latent 
respiratory infection in rats was obtained by 
histologic observance of pulmonary infection 
in 7 to 10 rats exposed to low concentrations of 
the thiol on three consecutive days, whereas none 
of nine controls showed this condition. 

Rarely (usually benzenethiol) did tissue 
studies show significant pathologic conditions 
as a result of exposure to minimal concentrations 
of thiols. 


Comments 


The general signs of acute thiol poisoning ex- 
hibited by mice, rats and rabbits were uniform 
for all compounds, except methyl heptanethiol 
(tertiary-octyl ::creaptan), and were indicative 
of central depression and respiratory paralysis 
with death ensuing from respiratory failure. This 
pattern of response bears certain resemblance to 
that described by various investigators for hy- 
drogen sulfide and certain other thiols.®: 
It seems odd, however, that the characteristic 
sedative action of the thiols noted in the present 
study has not been given more attention in the 
literature. Rats receiving maximal, sub-lethal 
doses of ethane- and butanethiol (occasionaily 
propanethiol) intraperitoneally, and hexanethiol 
orally, showed especially notable sedation which 
approached anesthesia. The course of action in- 
volved the development of a reversible central 
depression leading to heavy sedation. Associated 
with the central depression was paralysis of the 
respiratory musculature, a critical factor in sur- 
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vival. If the animal survived the paralysis, a 
depression of relatively long duration ensued. 

The finding that certain thiols produced seda- 
tive effects of greater degree by one route than 
another may be attributed to differences in rates 
of absorption, detoxication and excretion. In this 
connection, the even-numbered carbon, straight- 
chain members (C2, C, and C,) were signifi- 
cantly more toxic by all routes than were the 
3-carbon straight-chain member (propanethiol) 
or the 3-carbon methylated members (2-methyl-1- 
and 2-methyl-2-propanethiol). Furthermore, reia- 
tive toxicities decreased in the order of ethane-, 
butane- and hexanethiol for intraperitoneal and 
oral routes, whereas by inhalation the order of 
toxicity was practically reversed. The noted re- 
versal in toxicity would appear to be predomi- 
nantly influenced by absorption and elimination 
rates for the different routes of administration. 
Significant amounts of thiols were eliminated by 
exhalation as evidenced by characteristic thiol 
odors strongly detectable in the expired air of 
animals dosed by all but the ocular route. Rab- 


-bits injected intraperitoneally with 2-methyl-1- 


propanethiol (200 mg/kg) showed mean values 
of thiol in expired air of 0.18, 0.16 and 0.09 
mg/minute/kg body weight at 30, 60 and 90 
minutes, respectively, post-injection, indicating 
a rapid elimination of this thiol through the 
lungs. Values decreased to 0.03 mg/minute at 
the sixth hour, but perceptible amounts of thiol 
persisted as long as 24 hours post-injection. Pul- 
monary elimination was thus a significant factor 
in determining the ultimate toxicity and asso- 
ciated responses observed for this thiol; other 
thiols are presumably eliminated by this route 
at a greater or lesser rate. 

The role of detoxication in thiol response, 
although important, has not been studied here 
and studies that have been made by others have 
been confined to methane- and ethanethiol. 
Canellakis and Tarver® reported that the sulfur 
in methanethiol admimstered to rats intraperi- 
toneally appeared as sulfate in the urine and was 
not significantly incorporated into the methionine 
or cysteine of liver protein. According to Snow’, 
sulfur of ethanethiol was excreted by mice and 
guinea pigs mainly as inorganic sulfate, but 
organic metabolites, one of which was ethyl 
methyl sulfone and one unidentified product, 
accounted for 10 to 20% of the sulfur excreted 
in the urine. The author postulated that methyl- 
ation and oxidation converts ethanethiol to the 
sulfide and then to the sulfone. It is not known 
whether the methylation of ethanethiol, and other 
thiols, if they are metabolized in this manner, 
would interfere with normal methyl metabolism 
in rats. If so, it is conceivable that this could 
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account for some of the latent toxicity we have 
seen for all thiols except methyl heptanethiol. 
Snow, however, claimed no evidence of latent 
toxicity when compounds related to ethanethiol 
were administered to mice and guinea pigs, 
although he points out that the sensitivity of 
these species to interference of normal methyl 
metabolism is uncertain. 

The effect of CNS stimulation of methyl 
heptanethiol alone, of all the thiols tested, was 
striking. The stimulatory effects were typical of 
other well known CNS stimulants such as picro- 
toxin and pentylenetetrazol (metrazol). Methyl 
heptanethiol appeared to act at various levels of 
the cerebrospinal axis, and apparently at a 
higher level than that of strychnine, inasmuch 
as the convulsive seizures induced by methyl 
heptanethiol were spontaneous in origin and not 
“triggered”? by external stimuli as is known in 
the spinal convulsions induced by strychnine. 
Typical of CNS stimulants, methyl heptanethiol 
had an analeptic action on the higher CNS cen- 
ters. Evidence for this was found in sub-convul- 
sant doses, wherein methyl! heptanethiol strongly 
stimulated the respiratory and vasomotor centers. 
This analeptic action was strikingly demonstrated 
by the capacity of this thiol to counteract the 
depression produced by hypnotic drugs such as 
barbiturates. When the convulsant thiol was used 
after depressant doses of barbiturates, the de- 
pressed pulse and respiration rates could be re- 
stored to levels even above normal. Conversely, 
barbiturates were found to counteract the toxic 
action of methyl heptanethiol by preventing the 
convulsive seizures it induced. It would appear, 
therefore, that barbiturates and/or other central 
depressant hypnotics would be the rational 
therapy of poisoning by this thiol. This phase of 
study, together with that concerning the analeptic 
action of methyl heptanethiol against the de- 
pression of hypnotics, is to be reported in a 
separate publication. 

It should be noted, however, that despite the 
opposite CNS action of methyl heptanethiol, the 
end result of acute poisoning was similar to that 
produced by maximal lethal doses of other thiols; 
excessive CNS stimulation produced by methyl 
heptanethiol was followed by central depression, 
then death as a result of respiratory failure. This 
striking contrast in action observed for members 
of homologous series of compounds is rare, but 
by no means unknown.*° * 

Another finding of particular interest was the 
antagonism of the convulsant methyl heptane- 
thiol toward the depressant action of the other 
thiols. Antagonism was observed only for mini- 
mal lethal doses, however; methy! heptanethiol 
was not able to counteract the depressant and 
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paralytic action of thiols at higher doses, presum- 
ably because at required higher doses a threshold 
level was attained whereby the ultimate depres- 
sant action of methyl heptanethiol potentiated 
rather than antagonized the effects of the thiols 
being counteracted. Interactions of this partial 
antagonism are to be investigated further. 

The CNS stimulatory effect is apparently 
unique for methyl heptanethiol not only among 
compounds possessing thiol structure, but also 
among compounds containing either the same or 
closely related hydrocarbon structure. Neither 
n-octyl, tert-hexyl and tert-dodecyl mercaptans, 
nor tert-octyl alcohol, or tert-octyl amine, gave 
evidence of stimulatory action. 

From the standpoint of acute toxicity, thiols, 
generally, with the exception of benzene- and 
methyl heptanethiol, were found not to be par- 
ticularly toxic (Table V). Classification of the 
acute toxicity of thiols from the combined tabu- 
lated data for mice, rats and rabbits for all 
routes tested shows that benzene- and methyl 
heptanethiol are the only compounds rated as 
“highly” toxic. Other compounds ranged in 
toxicity from ‘“‘moderately” toxic to “practically 
nontoxic.” 

A particular distinction should be made, how- 
ever, between the above toxicity rating of the 
thiols and their hazards. On a hazard _ basis, 
ethane-, butane-, hexane- and_ benzenethiol 
would be rated moderately severe to very severe 
by inhalation by virtue of their high volatility, 
inhalation LCs values, and their suspected role 
(demonstrated for benzenethiol) in exacerbating 
latent respiratory infection. 

It has been repeatedly observed during the 
course of the inhalation portion of the work that 
animals frequently died, not from exposure to 
the thiol per se, but from an associated pneu- 
monia. Because secondary infection usually did 
not follow exposures to low concentrations (with 
the exception of benzenethiol), it is assumed that 
concentrations sufficiently high to be irritating 
to the respiratory tract must obtain in order to 
favor the growth of microorganisms. This irrita- 
tive response, coupled with a long period of leth- 
argy and its associated shallow respiration, would 
appear to favor as well the fatal issue of a hypo- 
static pneumonia and/or other pulmonary com- 
plications. These secondary complications of 
thiol exposure have obvious industrial health 
significance. 

Although methyl] heptanethiol was found not to 
elicit significant respiratory irritation with re- 
sultant latent infection, its high toxicity by all 
but the ocular route would qualify it as a severely 
hazardous material. The inhalation hazard of 
alpha-toluenethiol, because of the low volatility 
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TABLE V 


Combined Tabulation of Acute Thiol Toxicity for Various 


Routes of Administration and Animal Species 


IP Oral | Inhal. LCso Eye Skin 
/ / opm on | 
Rats Rats | Mice | Rats | Rabbits Rats Rabbits | 
Ethanethiol 226 682 | 2770 4420 | Slight Slightly 
CH:CH2SH 
Propanethiol | 515 1790 | 4010 7200 | Moderate Slightly 
2-Methyl-1-propanethiol | 917 7168 >25000 | >25000" | Very Slight | Practically 
2-Methyl-2-propanethiol 590 4729 16560 22200 | Slight | Practically 
(CH;);CSH | | Non-toxic 
Butanethiol | 399 | 1500 2500 4020 | Slight Slightly 
CH:(CH2):3SH } | 
Hexanethiol | 396 | 1254 528 | 1080 | None | Slightly 
CH,(CH2)sSH | | 
Methy! heptanethiol | 12.9 | 83.5 | 47 | 51 | Slight | 1594 | 600 | Highly 
CsHrSH | 
Benzenethiol | 9.8 | 46.2 | 28 33 | Severe | 300 134 | Highly 
Alpha-Toluenethiol | 373 493 | 178 >235> Slight | | Moderately 
| 


H2SH 


® Toxicity classification of Hine & Jacobson.” 
> LCso not calculable. 


of this compound, would appear to be consider- 
ably less than that of the above mentioned com- 
pounds. In addition, propanethiol would appear 
slightly hazardous, whereas 2-methyl-l- and 
2-methyl-2-propanethiol would be rated as 
relatively nonhazardous because of their high 
values. 

Personnel handling thiols under circumstances 
which might involve spillage should be warned 
against breathing the contaminated atmosphere 
for prolonged periods. This holds especially for 
benzene- and methyl heptanethiol which would 
undoubtedly produce serious effects if near- 
saturated concentrations were inhaled even for 
short periods. The toxic effects of benzene- and 
methyl heptanethiol by the cutaneous route fur- 
ther emphasize the need for exercising care in 
handling in order to avoid spillage and subse- 
quent contamination. In this event, there is, in 
addition to skin absorption, the hazard of in- 
haling rebound vapors. 

Particularly pertinent to possible skin exposure 
hazards, especially from the longer chain thiols, 
is the recently reported study by Brooks et al.” 
wherein it was shown that certain mercaptans 
(n-dodecyl and n-octadecyl) were capable of 
producing epidermal hyperplasia in mice. The 
suspected relation between hyperplastic agents 
and carcinogens or cancer-promotors makes this 
finding of special significance here. 

The irritative effects, observed in the eyes of 
rabbits following intraocular application of cer- 
tain thiols (Table V), indicate a significant hazard 


to eyes from splashing liquid. Relatively small 
volumes of all but hexanethiol can produce at 
least moderate irritation of the conjunctivae and 
benzenethiol can cause severe corneal damage 
with resultant visual handicap. Contaminated 
eyes should be washed thoroughly and promptly 
with a weak silver nitrate solution (0.5%) or 
some other complexing agent (silver antiseptic 
such as argyrol) and then flushed with copious 
amounts of water. 

The rationale in emergency treatment of gen- 
eral thiol intoxication indicates the usual sup- 
portive therapy for terminating the effects of 
central depressants, e.g., maintenance of a pat- 
ent airway, the administration of oxygen and/or 
use of artificial respiration. The noted antagonism 
observed between methyl heptanethiol and other 
thiols suggests that analeptic agents may be of 
some value in counteracting the toxic action of 
thiols, but obviously contraindicated for CNS 
stimulants such as methyl heptanethiol. 

If some of the thiols reported here appear to be 
unimportant toxicologically as components of 
urban air pollution, there still remains the real 
possibility of their oxidative products being of 
considerable importance,*® or the thiols them- 
selves may prove to be of air pollution concern 
for as yet unrecognized reasons. The potential 
hazards of benzene- and methyl! heptanethiol as 
air pollutants would appear significant not only 
because of their intrinsic high toxicity, but also 
for their as yet unknown cumulative effects at 
air pollution levels. 
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Summary 


Toxicity data are reported for seven aliphatic 
and two aromatic thiols administered intra- 
peritoneally and orally to rats in single acute 
doses, by single, 4-hour inhalation exposures to 
both rats and mice, and by eye instillation in 
rabbits. In addition, two compounds were ad- 
ministered percutaneously to rats and rabbits. 

Compounds tested, and listed in order of de- 
creasing toxicity were benzene-, methyl heptane-, 
alpha-toluene-, ethane-, hexane-, butane-, pro- 
pane-, 2-methyl-2-propane-, and 2-methyl-1- 
propanethiol. Results for all but the ocular route 
are given as LD and LCw values calculated for 
various periods up to 15 days post-administra- 
tion. 

A classification of toxicity based on results 
obtained for all routes of administration rated 
two compounds, benzene- and methyl hep- 
tanethiol, as having a high degree of toxicity 
and lethality. The two least toxic compounds, 
2-methyl-2-propane- and 2-methyl-l-propane- 
thiol, were rated as practically nontoxic, whereas 
the remainder ranged from moderately toxic to 
slightly toxic. 

Thiols had the common toxicologic property of 
being soporific, the degree ranging from mild 
stupor to heavy sedation. Methyl heptanethiol 
was an exception, producing a powerful CNS 
stimulatory effect. Relatively deep sedation was 
produced by maximal, sublethal doses of ethane-, 
propane-, butane-, and hexanethiol. Certain 
thiols produced a high incidence of latent mor- 
tality. The associated responses of thiol toxicity 
varied according to the route of administration. 

Significant amounts of thiols were eliminated in 
the expired air of animals dosed by all but the 
ocular route. Thus, pulmonary elimination of 
thiols was a factor of importance in determining 
ultimate toxicity of these materials. 

Acute thiol poisoning produced a uniform pat- 
tern of central depression and respiratory paraly- 
sis with death ensuing from respiratory failure. 
Methyl heptanethiol, on the other hand, was 
typical of well-known CNS stimulants such as 
picrotoxin and _ pentylenetetrazol having an 
analeptic action on the higher CNS centers and 
producing motor, respiratory, and vasomotor 
stimulation in relatively small doses. Methyl 
heptanethiol was shown to counteract the central 
depression induced by barbiturates. Antagonistic 
action was reciprocated in that barbiturates were 
found to inhibit methyl heptanethiol-induced 
CNS activity. Methyl heptanethiol also showed 
antagonism toward the depressant action of other 
thiols, but was unable to counteract the toxic 
effects of maximal lethal doses. Toxic sublethal 
or lethal doses of methyl heptanethiol induced 
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clonic and/or tonic seizures ending like other 
thiols in central depression, respiratory failure 
and death. 

Repeated intraperitoneal injections, three per 
week for 3 and 4 weeks, of benzene- and methyl 
heptanethiol, respectively, at approximate 14 
LD» doses were tolerated by rats; the latter 
compound, however, produced mild convulsive 
seizures. 

Splenic enlargement was the only gross patho- 
logic change produced with consistency. Benzene- 
thiol produced injury to the cornea and con- 
junctivae of rabbits and lethal doses of methyl 
heptanethiol frequently produced petechiae in 
the lungs. Thiol-exposed rats and mice commonly 
showed latent pulmonary infection and/or pneu- 
monia. Liver and kidney damage occurred from 
intraperitoneal inhalation, and particularly oral 
administration, but at relatively high levels. 
Inhalation at high levels produced slight: to 
severe irritation of the respiratory tract, the 
degree dependent on the thiol; benzenethiol was 
the only compound to produce significant patho- 
logic conditions at lower levels of thiol exposure. 

Safety precautions are given for conditions 
wherein personnel might be exposed by accident 
to the more toxic thiols and/or their vapors, and 
measures are suggested for emergency treatment 
of thiol intoxication. 
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The Acute Toxicity of Intramuscular 
Parathion in Rats and the Relation 
of Weight, Sex and Sex Hormones 

to this Toxicity 


H. E. SWANN, Jr.,* G. S. WOODSON} and T. A. BALLARD 


Biophysics and Toxicology Divisions Chemical Warfare Laboratories 
Army Chemical Center, Md. 


also known by a host of other 
names, is a powerful organic phosphate in- 
secticide. Its acute toxicity is high and it exerts 
a strong cholinergic action in mammals. This 
cholinergic action is accredited to its inhibition 
of the enzyme cholinesterase. This is supported 
by the fact that the symptoms produced are 
typical of parasympathetic stimulation, and 
because atropine, which inhibits the action of 
acetylcholine, offers protection against some of 
its action. 

Many studies of parathion toxicity have been 
made on the rat. These have included acute and 
chronic values for parathion by oral, intra- 
peritoneal, intravenous and dermal adminis- 
tration. Most of the studies have dealt with 
oral administration, however, parathion has been 
found to be rapidly absorbed and highly toxic 
by dermal application as well as by ingestion. 
Although intramuscular injection would be a 
means of quantitating dermal absorption, no 
intramuscular studies have been reported. 

The LD,, values for parathion in the rat have 
been recorded by many investigators.~* The 
values differ from investigation to investigation 
even when the routes of administration were 
identical. In the instances where both sexes were 
used, the female rat was found to be more 
susceptible than the male when parathion was 
given by the oral or intraperitoneal route. The lit- 
erature does not contain any studies of intra- 
venous, dermal or intramuscular administration 
of parathion where comparisons were made be- 
tween the sexes. Since no intramuscular LD,,’s 
have been reported, the first purpose of this in- 
vestigation becomes one of establishing intra- 
muscular LD,,’s for young mature (140 to 220 
gm) male and female rats. If a difference be- 
tween the sexes is found by intramuscular ad- 


*Department of Occupational Health, University of 
Pittsburgh, Graduate School of Public Health, Pittsburgh 
13, Pa. 

+ Commission on Professional and Hospital 
Ine., First National Building, Ann Arbor, Mich. 
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ministration, then a similar sex difference could 
be predicted for dermal or intravenous admiu- 
istration. 

DuBois et al.’ reported no difference in the 
susceptibility of mature (300 gm) and im- 
mature (150 gm) male rats. A 150-gram male 
rat is hardly immature and if smaller rats are 
used there might be a difference in the sus- 
ceptibility between immature and mature males 
and this might also hold true for female rats. 
Thus, the second purpose becomes one of es 
tablishing if there is a difference in the sus 
ceptibility to parathion for rats of different 
weights. 

The sex difference in response to parathion in 
rats has largely been attributed to the greater 
susceptibility of the female. Since parathion is 
known to inhibit cholinesterase, investigators 
have tried to demonstrate a relationship be- 
tween the activity or the inhibition of the en- 
zyme and the sex of the animal. This has not 
been accomplished. 

There have been attempts to establish a rela- 
tionship between the enzyme and the sex hor- 
mones. Even these do not explain the difference. 
In an attempt to establish the reason for the sex 
difference, DuBois et al.’ injected rats with the 
opposite hormones and reported that this tended 
to equalize their susceptibility to the parathion. 
These experiments have been repeated and ex- 
tended with the possibility of adding new in- 
formation on the sex differences of rats to 
parathion. 


Methods 


The parathion used in these experiments was 
obtained from the American Cyanamid Co. of 
New York. The parathion was of 99.7% purity 
and its specific gravity was 1.27. Parathion is 
almost insoluble in water but is soluble in or- 
ganic solvents and generally is used in pro 
pylene glycol. Hazleton and Holland? have shown 
that in either sex a propylene glycol solution 
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of parathion is more toxic than the wettable 
powder in aqueous suspension. In preliminary 
tests, propylene glycol was found to be very 
irritating to the rat when injected into the 
muscle. Of the solvents tested, peanut oil was 
found to produce the least attempts to bite and 
squirm. Therefore, a standard stock solution 
was made up using a weighed amount of para- 
thion and diluted volumetrically with peanut oil. 
From the standard solution twenty-one ali- 
quots were made in logarithmic order from 5.4 
mg/ml to 52.9 mg/ml. The animals received 
0.1 ml/100 gm of body weight. Thus, the amount 
of the solution injected remained constant with 
the weight of the rat because as the concentra- 
tion of parathion increased the amount of 
peanut oil decreased. This method was used so 
that the volume injected would not be too great 
for the amount of muscle tissue. 

Injections were made through the biceps 
femoris into the semimembranosus or semi- 
tendinosus muscles. The syringe used was a 
Y ml tuberculin with 0.005 ml graduations. The 
needle was 23 gauge with 1% inch length. 

The rats used in these experiments were 
colony inbred albinos of the Wistar strain. Each 
group of males or females consisted of ten ani- 
mals with the exception that in the castration 
and ovariectomy experiments the groups were 
composed of five rats. Three hundred rats in the 
weight range of 140 to 220 gm were used to 
establish the LD, for the mature rats of the 
size generally used for toxicity studies. Then, 
after the LD, for the mature rats was estab- 
lished, rats of lesser and greater weights were 
used to establish LD, values in reference to the 
differences in sex susceptibility with regard to 


TABLE I 
Evaluation of Sex and Weight Differences with 
Dose-Mortality Reaction in Rats 


oa | Sex LDso (19/20 C.L.) 
50 to 60 Male 11.5 (9.8-13.7) 
Female 10.5 (8.8-12.5) 
70 to 80 Male 12.6 (10.5-14.5) 
Female 8.8 (7.3-10.6) 
90 to 120 Male 13.9 (11.8-16.3) 
Female 13.4 (11.4-15.7) 
140 to 220 Male | 41.4 (37.9-45.4) 
Female | 10.4 (9.3-11.6) 
240 to 300 | Male 41.8 (36.1-48.5) 
} Female 11.4 (9.2-14.0) 
310 to 400 | Male 45.0 (38.2-53.1) 
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weight. One hundred rats were used in each 
weight group. They were sub-divided into groups 
as follows: (1) 50 to 60 gm or weaning size, (2) 
70 to 80 gm or pre-pre-puberty, (3) 90 to 120 
gm or pre-puberty, (4) 240 to 300 gm or 
breeders and (5) 310 to 400 gm or old breeders. 
Only males were available in the latter group. 
No rats were included in the puberty size with 
weights between 120 and 140 gm as they were 
used for castration and ovariectomy. In the 
hormone injection experiments, young mature 
adult rats in the weight range of 140 to 220 gm 
were used. 

The observations on the number of deaths 
were made as follows: (1) up to 4 hours after 
injection, (2) 4 to 24 hours after injection, (3) 
24 to 48 hours after injection, (4) 48 to 72 hours 
after injection. All surviving animals were ob- 
served for 96 hours. However, no animals died 
beyond the 72-hour interval. The dose-mortality 
data were analyzed by the method of Bliss’ and 
the LD, values with confidence limits are pre- 
sented in Table I. 

The hormone effect on parathion toxicity was 
studied by experiments which included the in- 
jection of the same and opposite hormone into 
normal rats and rats with castration or ovariec- 
tomy. Ten rats were used in each group of nor- 
mal animals that were injected with hormones. 
The design of the experiment allowed for ten 
rats of one sex or the other in all groups. How- 
ever, due to a change of the project before 
the operations were completed, the groups of 
rats with castration or ovariectomy contained 
only five animals of each sex. 

The hormones used in these experiments were 
estrone obtained from Abbott Laboratories and 
testosterone propionate obtained from Daltone 
Chemical Co. The total dose of hormone, 6 
mg/kg, was given in single doses of 1 mg/kg 
of body weight for six days. On the seventh day 
the rats were injected with parathion. The 
experimental design allowed for the inclusion 
of multiple dose levels. At the present stage 
of work only three levels have been utilized. 
These levels were purposefully selected. The 
low level dose was at the female LD,, value. 
The middle level was 21.5 mg/kg where all of 
the females died but none of the males died. 
The upper level was at the LD,, value for males. 

The operations were performed when the rats 
were in a weight range of 120 to 140 gm. The 
rats were allowed to recover for three weeks 
then the hormones were injected for a week 
and followed by the parathion injections. In- 
jection of hormones was into one leg and para- 
thion into the other. The data on the injections 
into non-operated and operated animals were 
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TaBLeE II 
Evaluation of Sex Hormones with Dose-Mortality Reaction in Rats 


Non-operated 


Group LDso (19/20 C.L.) 


Operated 


Group LDso (19/20 C.L.) 


Control female 10.4 (9.3-11.6) 


Female with estrone <11.6 
Female with testosterone 15.3 (7.5-31.4) 


Control male 


41.4 (37.9-45.4) 


16.6 (11.4-24.0) 
29.7 (23.0-38.4) 


Male with estrone 
Male with testosterone 


Ovariectomy, female without 
hormone 

Ovariectomy, female with es- —— 
trone 

Ovariectomy, female with tes- 
tosterone 

Castration, male without hor- 
mone 

Castration, male with estrone 

Castration, male with testo-| 
sterone 


11.1 (6.5-19.0) 


15.8 (zero range) 
21.4 (15.1-30.4) 


19.1 (13.5-27.2) 
>36.9 


analyzed by the moving average method of 
Thompson, as there were five animals in some 
groups and ten in others and only three dose 
levels were used. The LD,, values are presented 
in Table II. 


Results and Discussion 


TimE-MortTALITY: 


The first experiment was conducted upon the 
140 to 220 gm rats in order to establish the 
intramuscular LD, for young mature animals 
of both sexes. Then experiments on rats of other 
weight ranges were added for comparisons in 
regard to weight. Although only the LD, values 
are presented in Table I, the deaths were re- 
corded for 24-hour periods to show approx- 
imately when death occurred. The first period 
was further divided into a 4-hour period and 
a 20-hour period to illustrate how many animals 
died immediately. 

The deaths ranged in time from % hour to 
72 hours. However, very few animals died be- 
yond 48 hours. The greatest number of deaths 
occurred between 4 and 24 hours. Hazleton 
and Holland’ stated that, depending on the 
dosage and preparation, death may occur 


MORTALITY CURVES OF PARATHION IN RATS 
(Averages of All Weight Groups) 
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Figure 1 


from one to 24 hours. Also, animals that 
survive more than 24 hours may be expected 
to recover and there is no apparent latent 
toxicity. In the present study a time cumu- 
lative per cent mortality curve for the averages 
of male and female rats is presented in Figure 
1. An equal percentage of both males and 
females died within the first four hours; 
whereas, at 24 hours 56% of the females were 
dead and only 28% of the males had died. There 
was little, if any, increase in female deaths after 
24 hours, whereas, the males died at a uniform 
rate from 24 to 72 hours. 


DIFFERENCES IN SEX AND WEIGHT: 


The LD, values and confidence limits for 
males and females of all. weight ranges are 
presented in Table I. In order to illustrate 
the differences between weight and sex, these 
values are presented graphically in Figure 2. 
The LD, value for the 140 to 220 gm 
female rat is 10.4 mg/kg of body weight. The 
value for the male rat of this weight range is 
41.4 mg/kg of body weight. The 240 to 300 gm 
males and females have LD» values similar to 
the 140 to 220 gm animals. The immature 
males (up to 120 gm) and all females have 
no significant difference in their LD, values. 
Thus, the difference between immature males 
and mature males is about the same as between 
mature males and all females. DuBois et al.’ 
have stated that there is no observable differ- 
ence in the susceptibility of immature male 
rats 150 gm and mature male rats 300 gm to 
parathion. The present study agrees with this 
finding between 150 and 300 gm males but 
the results indicate that 150 gm males are not 
immature, as there is a great difference in 
susceptibility between male rats of 50 to 120 
gm and male rats of 140 to 400 gm. 
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The results indicate that the female does 
not become more susceptible but that the 
male obtains added protection when sexual 
maturity is reached. Thus, testosterone would 
seem to have some role in this protection. The 
question is then raised as to how this is accom- 
plished and what mechanisms are involved. 

The mechanism of action in parathion 
poisoning is generally thought to be one of 
cholinesterase inhibition. This is based on the 
evidence that parathion inhibits the activity 
of the enzyme in the body and that acute toxic 
doses produce symptoms which are similar 
to excessive stimulation of the parasympathetic 
and central nervous systems. In the present 
experiments when the progression of death 
was slow enough so that symptoms could be 
observed, they occurred in order from irrita- 
bility to fibrillary twitching of the leg muscles, 
then lacrimation, urination and sometimes def- 
ecation, severe muscular contraction followed 
by tonic and later clonic convulsions with a 
final arching of the tail (opisthotonus) pre- 
ceding death. The last finding has not been 
previously reported for parathion. However, 
this is typical of excessive central nervous 
system stimulation as in strychnine poisoning. 
Death appears to be due to this excessive cen- 
tral nervous system stimulation which parallels 
and possibly exceeds the parasympathetic stim- 
ulation. 

The mechanism of action by which parathion 
produces death does not explain why mature 
males are less susceptible than females or im- 
mature males. Some investigators have at- 
tempted to explain the sex difference as being 
due to some characteristic in the female rat 
that renders her more susceptible than the male. 
Since parathion functions as a cholinesterase 
inhibitor, an explanation for the sex difference 
was looked for in terms of the enzyme. Prior 
to the discovery of a sex difference to para- 
thion, Beveridge and Lucas’ had shown that 
the female rat exhibits greater cholinesterase 
activity than the male. Investigators hoped 
to demonstrate that the cholinesterase of the 
female undergoes a greater degree of inhibi- 
tation. However, this has not been established. 

There have been attempts to establish some 
relationship between the enzyme and the sex 
hormones. Torda” found that estrogens slightly 
depressed the activity of specific cholinesterase 
in vitro and stimulated acetylcholine synthesis 
while androgens depressed it. Sawyer and 
Everett" also stated that estrogens do not 
afiect the activity of cholinesterase directly 
but stimulate synthesis of the enzyme. They 
have shown that the plasma cholinesterase 
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level appears to parallel the plasma estrogen 
level. In a later article”, they have demon- 
strated that the amount of non-specific 
cholinesterase in rat plasma is controlled, at 
least in part, by sex hormones. Estrogens ele- 
vated the non-specific enzyme and testosterone 
depressed it, while progesterone exerted no no- 
ticeable effect except indirectly through estro- 
gen. These conditions led to the marked differ- 
ence in plasma cholinesterase levels of the 
mature rats with the female having several times 
as much enzyme in the plasma as the male. Birk- 
hauser and Zeller* have demonstrated a corre- 
sponding sex difference in liver cholinesterase 
activity. While the evidence establishes some re- 
lationship between the hormones and the enzyme 
level, it does not offer an explanation for the 
difference in susceptibility. 


HorMONE INJECTIONS: 


In an effort to find an explanation for the 
sex difference in the susceptibility of rats to 
parathion, DuBois et al.’ injected twelve male 
rats with diethyl stilbestrol and twelve female 
rats with testosterone propionate prior to in- 
jection with parathion. The calculated LD,’s 
indicate that the difference in susceptibility 
between the male and female rats may be re- 
moved by the injection of the opposite hormone. 
This finding demonstrates that there is a con- 
nection between the sex hormones and the dif- 
ference in the susceptibility of male and female 
rats to parathion. However, their work does not 
demonstrate if there is an antagonistic or syn- 
ergistic action between the injected hormone and 
the normal hormone, which might explain the 
change in the susceptibility of the male and 
female to parathion when the opposite hormone 
is injected. These experiments were repeated 
and extended in the present study. Not only 
were the animals injected with the opposite sex 
hormone but the female rats were also injected 
with female hormone and male rats were in- 
iected with male hormone. Also rats with cas- 
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tration or ovariectomy were injected with hor- 
mones. 

The mortality data of the hormone injections 
were analyzed by the moving average method 
of Thompson.® The LD, values are presented 
in Table II. These values are presented graph- 
ically in Figure 3 so that comparisons can be 
made quickly. 

1. Female vs ovariectomized female: 

There is nu change in the mortality of the 
females even with ovariectomy until testoster- 
one is given. The LD, values of the ovariec- 
tomy female without hormone injections and 
the female with estrone injections fall within 
the confidence limits (9.3-11.6 mg/kg) of the 
control female. The value for the female in- 
jected with testosterone and the ovariectomy 
female injected with testosterone were 15.3 and 
15.8 mg/kg respectively. Thus the injection of 
testosterone into females with or without 
ovariectomy gives them added protection. 

2. Male vs castrated male: 

The changes in the male with the injection 
of hormones into normal and castrated rats is 
marked. The LD, value of the control male is 
41.4 mg/kg and the confidence limits are 37.9 
to 45.4 mg/kg. The male loses about one-half 
of his protection with castration as indicated 
by a fall of the LD,, value to 21.4 mg/kg. When 
the castrate is injected with testosterone, the 
value returns to 36.9 or just below the confi- 
dence limit of the controls. Thus, the castrate 
regains most of his original protection with the 
injection of testosterone. There is a possibility 
that the injection of testosterone is not suffi- 
cient to maintain the level of androgen in the 
blood so that the same protection could be ob- 
tained as in the control male. The LD, value 
of the castrated male is reduced from 21.4 to 
19.1 with the injection of estrone. The value 
for the normal male when injected with estrone 
falls to 16.6 mg/kg. When injected with testos- 
terone, the normal male also has a decrease in 
the LD, value to 29.7 mg/kg. Thus there is 
an increase in susceptibility or a loss in pro- 
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tection by the male when injected with testos- 
terone. The reason this occurs cannot be defi- 
nately established as hormone levels of the blood 
or urine were not determined. However, it is 
known that when a target gland hormone is 
given in heavy doses and suddenly discontinued, 
the function of the target gland is decreased— 
sometimes to a severe degree for several days— 
and then returns to normal. This would indi- 
cate that the injected testosterone in the nor- 
mal males could elevate the androgen level of 
the blood to a degree which suppresses the 
gonadotropic stimulating fraction of the anter- 
ior pituitary. Thus, the testicular androgen 
production would decrease and the blood level 
would fall below normal. If the parathion is 
injected at this time and if the protection is 
dependent upon the level of androgens in the 
blood, then this would explain the slight in- 
crease in susceptibility. Injected estrone may 
act in the same manner in the male as the 
injected testosterone in the male since estrone 
alters the protection of the normal male but 
does not affect the castrated male as much. How- 
ever, the difference is not great. Further ex- 
periments are necessary to clarify these points. 

These experiments do not fully answer 
whether injected estrogens and androgens act 
antagonistically to the normal hormone in 
changing the susceptibility of male rats to para- 
thion. However, they demonstrate that the male 
has protection and that the injection of hormones 
lowers this protection. Castration does not pro- 
duce as great a loss of protection nor does the 
injection of estrogen into castrated males cause 
as great a change. The injection of testosterone 
into the normal female or the female with ovari- 
ectomy gives protection. Also injected testoster- 
one into castrated males gives them added pro- 
tection over normal males with testosterone. How 
the androgen acts and how the injected estrogen 
acts in relation to the parathion cannot be defi- 
nitely stated at this time. However, the injection 
of substances which stimulate testosterone pro- 
duction may increase the protection even more. 


Summary 


The intramuscular LD,,.’s to parathion have 


been determined for a large number of 
young mature male and female rats in the 
weight range of 140 to 220 gm. These values 
are 10.4 mg/kg for the female and 41.4 mg/kg 
for the male. In order to determine if this differ- 
ence holds for rats of other weights, intra- 
muscular LD,»’s were also established for 50 
to 60 gm, 70 to 80 gm, 90 to 120 gm, and 240 
to 300 gm rats. The LD,’s are, in order for 
female and male as follows: 10.5 and 115 
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mg/kg, 8.9 and 12.6 mg/kg, 134 and 13.9 
mg/kg, 11.4 and 41.8 mg/kg. The immature 
male and all females have approximately equal 
values, while the mature male values are high. 
The results indicate that the male obtains added 
protection to the toxicity of parathion when 
sexual maturity is reached. 

In order to determine what effect the sex 
hormones have on the toxicity of parathion, 
intramuscular injections of the same and op- 
posite sex hormones have been made into nor- 
mal rats and rats with castration or ovariec- 
tomy. The LD, values were determined : for 
the non-operated rats with and without in- 
jected hormones. The values are as follows: 
female with female hormone, 11.6; female with 
male hormone, 15.3; male with female hor- 
mone, 16.6; and male with male hormone, 29.7. 
Thus, male hormone in the female gives her 
added protection, and the female hormone into 
the male decreases his protection to parathion. 
The male hormone injected into the male also 
decreases his protection. However, when male 
hormone is injected into castrated males, their 
protection is increased. The male hormone in- 
jected into the female rat with ovariectomy also 
gives her increased protection over normal or 
ovariectomy females. The female hormone in- 
jected into castrated males causes a slight de- 
crease in protection over castrated males. Thus, 
the results of the injection experiments indicate 
that injected testosterone propionate offers pro- 
tection to the female rat, to the castrated male 
and to the female with ovariectomy. The in- 
jection of estrone into the male decreases his 
protection. Castration of the male also decreases 
his protection and the injection of female hor- 
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mone into the castrate causes further loss of pro- 
tection. 

The male sex hormone appears to have a 
major role in the added protection of the ma- 
ture male rat to the toxicity of parathion. This 
may be related to the level of androgen in the 
blood since castration or the injection of estrone 
or the injection of testosterone decreases this 
protection by different degrees. How androgen 
acts and how other injected hormones may act in 
relation to the androgen or to the parathion can- 
not be definitely stated at this time. Further 
studies are necessary in order to determine the 


exact role of androgen or other hormones in the 
toxicity of parathion to rats. 
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The Deposition of a Submicronic Aerosol 
in the Respiratory Tract of Dogs* 


P. E. MORROW and F. R. GIBB 


Department of Radiation Biology, University of Rochester, Rochester, New York 


Introduction 


HIS experimental study is concerned with one 

phase of an investigation into the effects and 
fate of inhaled alpha emitters.!:* Certain techni- 
cal problems associated with handling trace 
quantities (<yg/m*) of such radioisotopes in 
aerosol form compel the use of a vector or carrier 
aerosol. The aerosol utilized consisted of sub- 
micronic crystals of sodium chloride. The first 
studies with this sodium chloride aerosol were 
made in human subjects, in an attempt to reveal 
the role of some physiologic and physical pa- 
rameters on the deposition of the aerosol in the 
human respiratory tract during uncontrolled 
respiration.’ 

Following the human studies, a series of studies 
were initiated with dogs which incorporated all 
of the features of the human study including the 
experimental apparatus and the same aerosol. 

Because it was possible to contaminate the 
sodium chloride aerosol in the dog study with 
suitable amounts of alpha activity without 
appreciably affecting its properties, the dog study 
served two ends: first, as a fundamental study 
into the role of certain factors on dust deposition 
(comparable to the human study) and second, it 
provided animals with respiratory tract burdens 
of alpha emitters and thereby served as a com- 
ponent of the alpha emitter program, 

Those aspects of the dog study which are 
concerned with the radiation effects, distribution, 
excretion and lung retention of the alpha emitter 
used, polonium?!°, will be reported elsewhere. 


Methods and Materials 


The two basic functions of the apparatus used 
to measure deposition are: (a) to separate the 
inspired and expired airs in synchrony with the 
animal’s breathing pattern, and (b) to measure 
the volumes of air and concentrations of dust 
breathed. Details of the equipment involved have 


* This paper is based on work performed under contract with 
the United States Atomic Energy Commission at the University 
of Rochester Atomic Energy Project, Rochester, New York. 

Portions of this study were presented at the American In- 
dustrial Hygiene Association Meeting, April 24, 1958, Atlantic 
uity, N. J. 


been described previously.” The data obtained 
from the deposition apparatus are in three forms: 
(a) a pneumotachogram, (b) individually re- 
corded and integrated tidal volumes (analog 
integrator), (c) a digital integrator output which 
is equivalent to the total air respired. 

In Figure 1, two pneumotachograms and one 
analog integrator record are reproduced. A 
comparison of the two pneumotachograms 
demonstrate that even when the tidal volumes 
of two dogs are within 10 per cent of each other, 
there may be remarkable differences in their 
respiratory characteristics. From such recordings, 
it is possible to directly measure the tidal volume, 
respiratory frequency, minute volume, mean air 
flows, maximum air flows, phase durations, 
pause lengths, air flow accelerations and air flow 
decelerations. 

The sodium chloride aerosol was produced by a 
jet aspirator® and had a count median diameter 
of 0.04 micron (¢, 2.3) and a mass concentration 
of 10-30 mg/m!; the latter was controlled by the 
amount of diluting air used. The aerosol generator 
chamber and samplers have been described 
elsewhere.®: 7 All particle size analyses were made 
from projected electron photomicrographs 
(~100,000 x). 

The aerosol collected was analyzed by a flame- 
photometric method for sodium and by a titro- 
metric method for chloride.’ When alpha emitters 
were present, the alpha activity and the chloride 
was measured but not the sodium. In no instance 
did the sodium, chloride, and/or alpha activity 
measurements differ by more than +5% of 
giving identical mass deposition values. 

The dogs (females 6-12 kg) studied were 
premedicated with oral doses of secobarbital 
(~18 mg/kg) and chlorpromazine (~10 mg/kg). 
While the sedation produced was somewhat 
variable, in only one instance was an important 
respiratory depression noted. The dogs were 
generally sleepy and slightly ataxic. An accidental 
overdose of chlorpromazine produced a marked 
tachypnea, salivation and slight tremor in one 
dog. In later experiments, intravenous secobar- 
bital was used without the tranquilizer. The 
dogs were slowly given a 10 mg/ml solution for a 
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Figure 1. In the pneumotachograms (upper records) the ordinate is the expired air flow (ml/sec 
and the abscissa is time (sec). The area under the curves is proportional to the expiratory tidal volume 
In the left record, mean tidal volume, expired air flow and maximum expired air flow were 107 ml, 52 
ml/sec and 90 ml/sec, respectively; in the right record, 119 ml, 52 ml/sec and 170 ml/sec, respectively. 

In the integrator record (lower record) the abscissa is time (sec) and the ordinate is tidal air volume 
(ml RTPS air). The phase durations, expiratory pauses (EP) and mean expiratory flow rate (FR) are 


also indicated. 


dose of from 3-5 mg/kg; thereby, a very consist- 
ent state of sedation without anesthesia was 
obtained. 

During the experiments (20-40 minutes dura- 
tion) the dogs were maintained in a modified 
Pavlov stand supported by a shoulder harness 
and an abdominal band. The head was held 
fixed in a natural position with the muzzle 
strapped into a specially fitted mask. 

The estimation of the mass deposition was 
performed according to the following equations: 


% deposition = 100 x [1 — (E)/(I)] 


and 


Absolute deposition = % depositn. x I vol. x (I) 


Where (I) and (E) are the inspired and ex- 
pired air concentrations, respectively, and I vol. 
is the total volume of air breathed. The aerosol 
lost in the mask and valve airways was analyzed 
and this amount was added to expired air value 


before calculation of the expired air concentra- 
tion (E). 


Results 


The mean deposition value from nineteen 
experiments on nine dogs was determined to be 
66.5 per cent of the aerosol mass _ respired. 
Individual experimental values are portrayed 
in Figure 2. 


2 3 7 6 tH 2 4 6 
EXPERIMENT NUMBER 
Figure 2. Percentage sodium chloride deposi- 
tion in the respiratory tract in nineteen experi- 
ments on nine dogs. 


197 
re- 
ne 
=| \ | 
air 
ns, 
a 
ter 
jon 
he | 
tor 
bed 
al 
phs 
tro- 
ters 
ride 
nee ws 
ital 
kg). | = 
325 
| 
vere | 
ntal ro} 
‘ked 
one 
bar- 
The 
for a 


DOG STUDIES 


@ SINGLE EXPERIMENT 
A AV. 2 EXPERIMENTS 
(< 10% DIFFERENCE) 


PERCENT DEPOSITION 


) 100 200 300 400 
MEAN TIDAL VOLUME (CC RTPS AIR) 


Figure 3. The heavy line (arrow) portrays 
the general trend of the data from all experiments. 
The dotted line connects two successive measure- 
ments on the same dog. The point encircled with 
dots is the value obtained from the experiment 
in which the dog was apparently overdosed with 
chlorpromazine (see Methods and Materials). 


These results are remarkably similar to those 
obtained in the human study with respect to 
both the means and ranges (loc cit). 

Because certain physiologic parameters, viz., 
tidal volume, respiratory frequency and the 
respiratory air flows, have appeared to be relevant 
to aerosol deposition in man during controlled 
breathing,® 2 these parameters were of 
particular interest in the dog study. 


DOG STUDIES 


@ SINGLE EXPERIMENT 
A AV. 2 EXPERIMENTS 
(<10% DIFFERENCE ) 


0 10 20 30 40 80 90 
MEAN RESPIRATORY FREQUENCY (cycles/min.) 
Figure 4. The heavy line is the general trend 
of the data. The dotted lines connect successive 
measurements on a dog whose respiratory fre- 
quency changed significantly. The point encircled 
with dots is from the overdosed dog. Note the 

pronounced tachypnea. 


PERCENT DEPOSITION 
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In Figure 3, the relation between increasing 
percentage deposition and increasing mean tidal 
volume appears to be significant. Not only does 
the relation generally hold among different 
experiments but in the instances when successive 
measurements were made, the relation appeared 
consistent. (If the mean values under comparison 
from two successive deposition measurements 
were within +10%, they were not considered to 
be significantly different and were averaged 
together.) In Figure 4, the respiratory frequency 
is graphically related to the percentage deposi- 
tion. Deposition increased with decreasing 
respiratory frequency. As in the case of the tidal 
volume data, the respiratory frequency bears 
this relationship in successive experiments and 
among different experiments. These relationships 
demonstrated in dogs (Figures 3 and 4) are 
consistent with those reported for man (loc cit). 

The percentage deposition is plotted as a fune- 
tion of the mean inspired and mean expired air 
flow values in Figures 5 and 6, respectively, 
Though there appears to be a consistent relation- 
ship between an increasing inspired air flow and 
an increasing deposition, there is no obvious 
relation between the expired air flows and deposi- 
tion. 

The inspired air flow relationship reported in 
humans is qualitatively identical to that demon- 
strated in Figure 5. However, in the human 
studies, a relationship between the expired air 
flow and deposition was also suggested. It is 


DOG STUDIES 


@ SINGLE EXPERIMENT 
A AV. 2 EXPERIMENTS 
(< 10% DIFFERENCE) 


PERCENT DEPOSITION 


0 100 200 300 400 500 


MEAN INSPIRED AIR FLOW (cCc/sec) 
Ficure 5. The heavy line is the general trend 
of the data. The dotted lines connect successive 
measurements on a dog whose inspiratory aif 
flows changed significantly. Two points seem 
aberrant to the general trend line; one (encircled 
with dots) was obtained from the dog with the 
drug induced tachypnea. 
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DOG STUDIES 


SINGLE EXPERIMENT 
A AV. 2 EXPERIMENTS 
(<10% DIFFERENCE) 


PERCENT DEPOSITION 


50 100 150 200 250 710 


MEAN EXPIRED AIR FLOW (cc/sec) 

FicurE 6. No general trend is apparent among 
the data. In two instances on successive measure- 
ments on the same dogs, (dashed lines) there 
was an increase in deposition with a decrease in 
the mean expired air flow. The point encircled with 
dots is from the dog with the drug induced tachyp- 
nea. 


entirely possible that this was the result of some 
interdependence between parameters and that 
the expiratory air flow per se is not an important 
determinant. Moreover, the question of inter- 
dependency among these several physiologic 
parameters is appropriate to each and all of the 
parameters. 


Discussion 


While there have been several studies in man 
designed to study the effects of various physio- 
logic factors on deposition, this is the first attempt 
at such an investigation in another animal species. 
The similarities in the apparent roles of certain 
physiologic parameters on deposition in man and 
dog are remarkable. 

These similarities are particularly interesting 
since they demonstrate that even in uncontrolled 
breathing and with a heterogeneous aerosol, some 
physiologic factors are so intimately concerned 
with the deposition process that they can be 
revealed, 

Possibly the most significant implication of the 
study is that under the proper experimental 
conditions, the dog is a suitable experimental 
subject for deposition studies whenever human 
subjects cannot be included. 

Nevertheless, there are several factors which 
may cause the dog to respond differently. First, 
the nasal pharynx and trachea of the dog are 
disproportionately larger than man; this. might 
produce a greater upper respiratory tract deposi- 
tion, for example. Second, in certain situations 
the respiratory behavior of the dog has virtually 


TABLE I 


Man Dog 


Lung Weight (gm/100 | 1.0 (0.7-1.5) 0.94 
gm body wt.) | 
Tidal Volume (ml) | 504 (285-895) 176 (90-434) 
Tidal Volume (ml/kg | 8 (4-16) } 10 (6-23) 
body wt.) 
Minute Volume (liters) 6 (4-11) | 3 (2-8) 
Respiratory Frequency 12 (6-20) | 18 (8-38) 
(cy/min) 
Effect of increased tidal | T T 
volume on aerosol de- 
position 
Effect of increased re- | 
spiratory frequency on | 
aerosol deposition 
Effect of increased mean 
inspiratory air flow on 
aerosol deposition | 
Over-all percentage de- | 63.4 (52-79) 66.5 (32-94) 
position for 0.044, CMD 
sodium chloride aero- 
sol 


* Average values used for comparison were obtained from 
this study (loc cit) and from References 13, 14 and 15. 


no parallel in man; specifically, during exercise 
or periods of elevated temperature, tne dog 
develops a tachypnea or panting. Third, the 
lobes of the lungs of man and dog differ in organi- 


Ficure 7. Autoradiogram of dog lung thirty 
days after inhalation of a Po?! tagged sodium 
chloride aerosol. Bronchiole at bottom edge of 
picture is approximately 100 microns diameter. 
Film exposed for period equivalent to 15 per cent 
radioactive decay. 
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zation and probably differ in regional ventilation 
and dust deposition. Fourth, if a question of 
dust retention and pulmonary injury is included 
in the scope of the study, then there is the obvious 
proposition that the tissue response of the dog 
lung to dust (chemical or radioactive) might 
differ from man and that the dust clearance 
mechanisms may also differ in important ways. 
Despite these potentially important differences, 
a considerable number of similarities have been 
established between man and dog with respect 
to their respiratory anatomy and physiology and 
to the deposition of dusts in their respiratory 
tracts. Some of these are summarized in Table I. 

Based on the distribution, excretion and lung 
recovery of the alpha emitter, polonium”, 
which was incorporated in many of these dog 
experiments, it is possible to estimate the amount 
of the aerosol which was deposited in the upper 
and lower respiratory tract. The details of the 
estimates are simple and orthodox but too lengthy 
to delineate here. In essence, one ascribes all of 
the highly mobile and rapidly excreted polonium 
(fecal) to that polonium deposited initially in 
the upper respiratory tract; the polonium re- 
covered from the lung at sacrifice is considered to 
be the minimum lower respiratory tract value; 
and finally, the amount of polonium involved 
in systemic distribution and urinary excretion is 
analyzed in terms of existing data from oral and 
intravenous studies. By this approach, the intital 
lower respiratory tract deposition appears to have 
been equal to or greater than the upper respira- 
tory tract deposition in all cases. Finally, in all 
autoradiograms of the dog lungs (30-150 days 
post-exposure), the parenchymal areas are filled 
with alpha tracks, Figure 7. 


Summary 


The method and apparatus used in a study of 
aerosol deposition in the respiratory tract of dogs 
is briefly described. 

A mean percentage deposition value of 66.5 
(c 14.9) was determined in nineteen experiments 
on nine dogs while spontaneously breathing a 
submicronic sodium chloride aerosol (0.04 yu 
CMD g, 2.3). 

Several physiologic parameters appear to be 
related to aerosol deposition in the dog. An 
increase in deposition was associated with an 
increase both in the mean tidal volume and in 
the mean inspiratory air flow and with a decrease 
in the mean respiratory frequency. 
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This study suggests that under the proper 
experimental conditions, aerosol deposition jn 
the dog is comparable to that occurring in man; 
therefore, the dog should be considered to be 
especially appropriate for investigations in the 
field of inhalation toxicology. 
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PAUL GROSS, M.D., MARIAN L. WESTRICK, Ph.D., 

and JAMES M. McNERNEY, M.P.H. 

chni- 
Mrs. Industrial Hygiene Foundation, Mellon Institute, Pittsburgh 13, Pa. 
B. 
r.L.{ A DISTINCTION must be made between one ml of water. The sample injected had been 
urriet | activity and progression of a silicotic proc- atomized at 40 psi similarly to the inhalation 


and || ess. For the purpose of histopathologic evalua- experiment, and collected by electrostatic precipi- 
tion the presence of granulation tissue or im- tation. The average particle size, determined 
mature connective tissue in silicotic lung from electron photomicrographs (4600), was 
parenchyma is indicative of activity. Progression 0.2 micron. 

Scor,§ of silicosis implies that after exposure to silica The lungs of all rats were fixed by the intra- 

ratory.) dust has ceased there is a continuation or a tracheal injection of formalin under a head of 10 

UR-8t} resumption of expansive growth of old, collag- cm water pressure. Sections were cut at seven 
enized or quiescent lesions or the initiation of micra and stained with hematoxylin-eosin or 

on and BeW lesions, or both. van Gieson’s stain or both. 

ochester} The features of progressiveness in silicosis have The method of relating the silica to histo- 

not been characterized and it is the purpose of logic structures has been previously described.' 

this communication to describe them. Because Briefly, suitable fields were accurately located 

of absolute control of exposure conditions and of with a “Field-finder’ (sold by W. & L. E. 

imeas- | timing, experimental animal lesions lend them- Gurley, Engineering Instruments, Troy, N. Y.) 

ratory selves better than human material to a study of and photographed at a magnification of X82. 


tudy of 
alth (in 


w Proi-} these features. For these reasons it is the former The coverslips were then removed and the slides 
‘A:An | that are the subject of this report. were incinerated at 550°C for one hour. After 
; (1956). cooling to room temperature the slides were 
— Methods immersed in concentrated hydrochloric acid for 
‘arch 31, 


Silicosis was produced in rats by one of three 30 minutes, washed in distilled water and air- 
>, axv methods. dried. The same fields were then rephotographed 
tie pr, 1, Rats were exposed to quartz dust in an at the same magnification, but under dark field 
inhalation chamber 30 hours weekly for 15 Conditions. A composite negative was prepared 
months and then held without further exposure by superimposing the dark-field negative upon 
tion, re | for six to nine months. The dust cloud was the corresponding bright field negative and 
(il). J.} generated by the atomization of an aqueous ®refully matching the landmarks. 
al suspension of the dust at 90 psi, dried by passing 
of parti: | ‘trough a heated tube, and subsequently bubbled Results 
through an impinger to remove the majority of 

Neisox, | the particles and aggregates greater than one 
re micron. The average concentration of the dust 

; was 28 mg/m* of which 58% of the particles by 
etention } Lumber were one micron and less. The geometric 
Taz. } mean was 0.47 by optical sizing (970). 
WwiB 2. Another series of rats received an intra- 1. On the periphery of some relatively cell- 
tracheal injection of either 75 mg or 40 mg of poor, heavily collagenized nodules, conical 
uals. 3rd } quartz suspended in one ml of water. The material projections of immature, cellular connective 
lor injection was obtained by elutriation in 95% tissue were found. This immature connective 
alcohol and had an average particle size of 0.84 — tissue generally contained more silica than could 


by optical sizing (x970). demonstrated in near-by, more mature por- 
3. A third series of rats received an intra- tions of the nodules. (Figures 1 and 2.) 


densate 


A number of fields were examined and photo- 
graphed from each of the 23 rats used in this 
study. The following observations are illustrative 
of the main features that characterize progressive- 
ness in silicosis: 


ographie 
wireless 


tracheal injection of 25 mg of flint suspended in 2. In the lung sections of animals that had 
*Presented at the Industrial Health Conference, Atlantic received but a single intratracheal injection of 
City, N. J., April 19-25, 1958. silica dust and had been killed one year later, 
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it was common to find small immature nodules 
in the same field largely occupied by mature, 
well-collagenized silicotic nodules. It was also 
more common to find a greater silica content 
within the small, immature nodules than was 
found in the well-collagenized ones. (Figures 3 and 
4.) 

3. Focal cellular and collagenous thickening 


FicurE 1. R-2455 injected intratracheally with 
25 mg of flint dust and killed 22 months later. At 
the margin of a well-collagenized nodule, rela- 
tively poor in cells, is a conical extension of 
immature connective tissue poor in collagen and 
rich in cells. Van Gieson X164. 


Figure 2. Composite of the above showing a 
relatively abundant silica content of immature 
connective tissue at the margin of the nodule in 
contrast to the paucity of silica elsewhere. Van 
Gieson 
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of alveolar walls occurred with a considerably 
lower frequency than the two preceding observa- 
tions and usually involved alveoli situated 
between large confluent nodules. Although the 
thickened alveolar walls rarely contained demon- 
strable silica, large amounts of silica were 
frequently present in the corresponding air 
spaces. (Figures 5 and 6.) 


FicureE 3. R-2539 injected intratracheally with 
25 mg of flint dust and killed 13 months later. In 
contrast to the well-collagenized nodules in the 
lower half of the field, the nodules in the upper 
half of the field contain little or no collagen. This 
is particularly true of the small nodules. Van 
Gieson X164. 


Ficure 4. Composite of the above shows 4 
much more abundant silica content of the im- 
mature nodules as compared with the more mature 
nodules. Van Gieson X 164. 
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4. The least frequent finding concerned small 
intra-alveolar nodules composed mainly of 
macrophages and their debris, but also containing 
a prominent reticulin network and few collagen 
fibers. The latter two clearly indicated the pres- 
ence of cellular activity. Incineration studies 


Figure 5. R-1319 exposed to quartz dust in an 
inhalation chamber for 15 months and then pas- 
tured for nearly 9 additional months before sacri- 
fice. There is irregular thickening of cellular, non- 
collagenous character involving the walls of air 
spaces. The air spaces contain macrophages and 
debris. H. & E. 164. 


Ficure 6. Composite of the above showing a 
moderate amount of silica associated with the 
alveolar macrophages and debris. No significant 
silica content of the thickened walls is demon- 
strable. H. & E. X164. 
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demonstrated the presence of silica in such or- 
ganizing foci thus justifying their designation as 
silicotic nodules. These immature intra-alveolar 
nodules were usually associated with near-by 
larger, mature nodules. (Figures 7 and 8.) 


Figure 7. R-1339 exposed to quartz dust in an 
inhalation chamber for 15 months and died 6 
months after removal from the chamber. In the 
lower left quadrant there are 3 intra-alveolar 
masses which contain only a small amount of 
collagen. Near-by air spaces contain variable 
content of macrophages and debris. H. & E. X164. 


Figure 8. Composite of the above showing 
very little silica associated with the well-colla- 
genized tissue and a more abundant amount of 
silica in intra-alveolar nodules as well as within 
the alveolar cells and debris. H. & E. 164. 
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Discussion 


Inasmuch as the lapse of one year’s time 
following the last exposure to silica dust or after 
the single intratracheal injection of this material 
was apparently sufficient to allow for the near- 
maturation of most silicotic nodules, the occur- 
rence of immature connective tissue ‘associated 
with silica aggregates at the margin of otherwise 
quiescent nodules may properly be interpreted 
as representing activity of a silicotic process of 
relatively recent origin. A similar zone of im- 
mature connective tissue situated at the margins 
of human silicotic nodules had been designated 
by Simpson and Strachan? as the peripheral 
reactive zone. 

Such activity of recent origin situated upon the 
periphery of an old, quiescent nodule should 
logically be viewed as a resumption of expansive 
growth. Similarly, the occurrence of immature 
nodules adjacent to old, mature nodules should 
be considered indicative of a recent initiation of 
new lesions. In the animals studied, the presence 
of cellularly thickened alveolar walls between 
old silicotic nodules and the organization of 
silicotic alveolar debris to form intra-alveolar 
nodules among old lesions are also evidence of 
the initiation of new lesions long after exposure 
to silica has ceased. 


Summary 


A distinction is made between activity and 
progression of silicosis. Progression of silicosis is 
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defined as the continuation or a resumption of 
expansive growth of old, collagenized or quiescent 
lesions or the initiation of new lesions, or both 
after the exposure to silica dust has ceased. 

The features of progressiveness in silicosis are 
described and consist of the following: 

1. The occurrence of immature connective 
tissue at the margin of otherwise mature, qui- 
escent nodules. 

2. The occurrence of immature nodules adja- 
cent to old, mature nodules. 

3. The occurrence of cellularly thickened al- 
veolar walls between old silicotic nodules in 
the animals studied. 

4. The organization of alveolar debris to form 
intra-alveolar nodules. 
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HE MICHIGAN Industrial Hygiene Society Award for the Outstanding Paper 

in the 1957 volume of the American Industrial Hygiene Association Quarterly, 
was given to Paul W. McDaniel, Homer Fay, and Paul H. Mohr for their article, 
“Nitrogen Dioxide and Ozone Concentrations in Welding Operations.” Mr. McDaniel 
(right) accepts the certificate and check for the authors from Warren A. Cook, 
President of the Michigan Industria! Hygiene Society. This was the first presentation 
of this annual award. 
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Toxicity 


Studies of Certain Organic 


Peroxides and Hydroperoxides’ 


RGANIC peroxides are likely constituents 
of certain types of oxidizing smog"**“° 
and important as industrial catalysts, interme- 
diates, and raw materials for synthesis.” Many 
of them are abundant sources of free radicals. 
For these reasons tests have been conducted in 
our laboratory to determine the toxicity of these 
compounds on small mammals. Specific com- 
pounds were selected on the basis of their known 
use in industry, as type constituents of oxidizing 
smog, their availability, and the feasibility of 
their use for extensive tests. 


Materials and Methods 


PHysIcAL AND CHEMICAL PROPERTIES OF PER- 
OXIDES 


Some of the characteristics of the organic per- 
oxides used, viz. di-t-butyl peroxide, t-butyl hy- 
droperoxide, cumene hydroperoxide, and methyl 
ethyl ketone peroxide, are given in Table I: 
their specifications are given in Table II. Most 
of these values were furnished by the manufac- 
turers. 

The compounds were used as received from 
the manufacturer except when dilution was nec- 
essary, in which event propylene glycol, or in 
the case of methyl ethyl ketone peroxide, di- 
methyl phthalate was used. 


PoLAROGRAPHIC METHOD OF MEASUREMENT 


Because the conventional chemical methods 
(iodide or stannous chloride) are not specific for 
organic peroxides, whereas the polarographic 
method distinguishes between peroxides and 
hydroperoxides and is specific for determining 
both,” this method was selected as the most 
desirable for this study in which mixtures of 
compounds were involved. 

Polarographic measurements were made with 
a Sargent Model XXI Visible-Recording Polaro- 
graph, using a dropping mercury electrode as- 
sembly and an improvised saturated calomel 


*Presented at the 18th Annual Meeting American In- 
dustrial Hygiene Association, St. Louis, Mo., April, 1957. 

t Present address: Robert A. Taft Sanitary Engineering 
Center, U. S. Public Health Service, 4676 Columbia Park- 
way, Cincinnati, Ohio. 


E. P. FLOYD,; M.S. and HERBERT E. STOKINGER, Ph.D. 


Occupational Health Program, Bureau of State Services, Public Health Service, 
U. S. Department of Health, Education, and Welfare, Cincinnati, Ohio 
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electrode which made contact with the test solu- 
tion by way of an agar-KCl bridge. This agar 
bridge was suspended over the test solution 
(1:1 benzene:methanol) during the de-aeration 
period, then lowered into the solution before re- 
cording the polarogram. The polarographic 
method was that of Willits, et al.,° although the 
electrolysis vessel was of one author’s (E.P.F.) 
design, patterned somewhat after that of Brusch- 
weiler and Minkoff’ According to Willits, et al. 
both the hydroperoxide and peroxide half-wave 
potentials are widely separated and the polaro- 
graphic method not only identifies the functional 
groups but also gives a quantitative measure of 
each in peroxide-hydroperoxide mixtures. Di-t- 
butyl peroxide is an exception to this in that it 
is not reduced polarographically. 


ANIMAL SPECIES AND TECHNIQUES 


The rats used in these experiments were 
Wistar-derived adult, male, albinos weighing 
approximately 200 gm at the beginning of each 
test. The mice were Swiss-derived adult, male, 
albinos having an initial average weight of 20 gm 
each. The rabbits were white males of the New 
Zealand strain weighing from 2.7-6.5 kg. 

Standard laboratory pellets and drinking 
water were available to all animals at all times 
except during exposure or fasting periods. The 
rats were housed five to a cage, the mice, ten to 
a cage, and the rabbits, one to a cage. The rats 
and mice were sacrificed by cervical dislocation; 
the rabbits, by overdosage of Nembutal. 

Acute studies were performed by adminis- 
tering organic peroxides by the intraperitoneal 
and oral routes on rats, and by the inhalation 
route on both rats and mice. The calculated 
LD, values for the intraperitoneal and oral 
routes were determined according to Weil’ ™ 
in which five rats were used for each of four 
geometrically spaced dosage levels. Three of the 
organic peroxides were diluted (volume/vol- 
ume) as follows to accomplish easier intra- 
peritoneal administration: 20% t-butyl hydro- 
peroxide in propylene glycol, 10% cumene 
hydroperoxide in propylene glycol, and 5% 
methyl ethyl ketone peroxide in dimethyl 
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TaBLE I 
Properties of Organic Peroxides Used 


Compound Structural Formula 
| 


Sp.G. 


Di-t-Butyl Peroxide | (CH3)3; COOC(CHs)s 


146.22 0.794 20/4 


t-Butyl Hydroperoxide | COOH 


111 (760) | 
80 (284) 


90.12 0.896 20/4 


Cumene Hydroperoxide 


152.18 1.048 15.6/ 


15.6 


65 (.18) | 


Methyl Ethyl Ketone 
oxide!® 


C2Hs 
CH; 
Cc Cc 


H;C2 C:Hs 


1.12 15/15 


| 
| 
| 
| 


| 
| 
| 
| 
| 


* Polarographic half-wave potentials were corrected for IR drop, but were determined on the compounds as received from the 
manufacturer without further purification. Table II indicates the purity of these compounds. Willits, et al.§ report the E44 of puri- 
fied t-butyl hydroperoxide and cumene hydroperoxide as —0.96 and —0.68 volt respectively. 


phthalate. In all other cases the peroxides were 
used as received from the manufacturer without 
further dilution. The rats used for oral tests 
were fasted 24 hours previous to treatment. Six 
rats and ten mice were used for each exposure 
level for the inhalation studies. These exposure 
levels were determined by measuring the liquid 
volume of the compound used for the duration 
of the exposure (15 liters of air/minute for 
four hours) and computing the concentration. 
Polarographic analysis of occasional samples 


TABLE II 
Specifications of Organic Peroxides Used 


Manufac- | 
turer* 


Other 


Compound Components 


| 
| 
| 
| 
| 


| 
Di-t-Butyl Perox-| Lucidol | 
ide | | 
t-Butyl Hydro- 
peroxide | 
Cumene Hydro- | Hercu- 
peroxide 


Fe (trace) 


| 
Lucidol | Di-t-B.P. (20%) 
| 
H20 (0.4%), 
Parent Hy- 
drocarbons, 
and deriva- 
tives 
Dimethyl 
phthalate 
(40%) 


Methyl Ethyl 
Ketone Perox- 
ide i 


* Lucidol: Division of Wallace & Tiernan, Inc., 1740 Military 
Road, Buffalo 5, New York; Hercules: Hercules Powder Co., 
Wilmington 99, Delaware; Cadet: Cadet Chemical Corporation 
Burt, New York. 


(10 liters per minute for 5 minutes each) of the 
chamber atmosphere for organic peroxide gave 
concentration values ranging from 91% to 102% 
of these calculated values, with an average of 
97%. Air from the laboratory compressed-air 
line was cleaned and dried before passing into 
the exposure chamber. Some of this air was 
passed through an aerosol unit (containing the 
liquid organic peroxide) at a measured rate of 
flow. This inhalation-exposure apparatus was 
constructed of glass and patterned after one used 
by Svirbely and Saltzman.” 

Subchronic tests, to study the possible cumu- 
lative effects and the resultant histopathology 
were performed on rats by repeated intra- 
peritoneal and oral doses one-fifth that of the 
LD, three times weekly (Monday, Wednesday, 
Friday) for seven weeks. 

A histopathologic study involving serial sac- 
rifices was made on rats injected intraperitone- 
ally in an attempt to find some consistent patho- 
logic change due to an organic peroxide. The 
rats were given sublethal doses of organic per 
oxides in three injections during one week 
(Monday, Wednesday, Friday) and one-third 
of the group sacrificed at 1, 2 and 3 weeks 
after the first injection. An unexposed control 
group of rats of the same age was sacrificed 
with the exposed group. 

For testing the toxicity of organic peroxides on 
the rabbit eye, the technique of Draize and 
Kelly* was used, by which the reactions ob- 
served in the cornea, iris, and the palpebral and 
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bulbar conjunctivae were scored separately. 
This method of assigning numerical scores gives 
as much as 80% of the weight to the observed 
lesions in the cornea and iris, the structures of 
the eye most concerned with vision. The ocular 
reactions were read with the aid of a hand 
slit-lamp. 

Skin tests for primary irritation were per- 
formed on a similar group of rabbits by the 
standard technique used in this laboratory by 
which a large area of the back of each rabbit 
was sheared closely, and one or two drops of 
each compound applied at a different spot on 
this sheared area (as many as six spots per 
rabbit), and spread to a circular area about 
two centimeters in diameter. At each reading the 
rabbit was sheared and the area wiped clean 
with a wet cloth for subsequent readings which 
were made at 24, 48 and 72 hours respectively. 
The severity of the reaction was graded as 
follows: 0 for negative, 1 for erythema, 2 for 
erythema and edema, 3 for erythema, edema 
and slight vesiculation, 4 for erythema, edema 
and severe vesiculation or bullous formation. 

To test for possible changes in serum protein, 
rabbits were treated as in the above tests for 
primary irritation, using one rabbit per com- 
pound. Electrophoretic patterns were made on 
the serum from 3-5 ml of blood taken from the 
rabbit’s ear before and after exposure. The 
Spinco Paper Electrophoresis Cell, Model R- 
Series D, with the Spinco Duostat Regulated 
D. C. Power Supply, and the Spinco Analytrol 
Recording Scanner and Integrator for trans- 
lating the dye densities into “ticks” were used 
to test for changes in serum protein. The tech- 
nique was that of Durrum.” 

Tests for methemoglobin according to the 
technique of Evelyn and Malloy” were made on 
blood secured from the rat heart by the method 
of Burhoe.* ‘The Beckman Ratio-Recording 
Spectrophotometer Model DK-2 was used to 
record the per cent light transmission from 350 
to 700 my wave length. 


Results of Acute Tests 


INTRAPERITONEAL INJECTIONS, Rats 


Methyl ethyl ketone peroxide, t-butyl hydro- 
peroxide and cumene hydroperoxide were more 
toxic by all routes examined by a factor of from 
40-150-fold than di-t-butyl peroxide as shown 
by the LD,, values given in Table III. All of the 
tats showed signs of weakness and some loss of 
equilibrium following single doses of all but the 
lowest levels of each of the above four organic 
peroxides. Prostration occurred frequently at 
the higher dose levels and was usually followed 
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by death, although some of the rats recovered 
completely. This was particularly conspicuous in 
the animals treated with methyl ethyl ketone 
peroxide in which there was one survivor of five 
rats treated with 80 mg/kg and five survivors 
of five treated with 40 mg/kg. Prostration 
had occurred in all. Porphyrin deposition in the 
nostrils occurred in many of the rats following 
a single injection of cumene hydroperoxide 
(200 mg/kg) and di-t-butyl peroxide (2000 
to 5000 mg/kg). The pelage was coarse in most 
of the rats at two to five days following a 
single dose (excepting the lowest) of each of 
the four organic peroxides. Shivering occurred 
in rats following high doses of di-t-butyl per- 
oxide. Practically all of the deaths from in- 
traperitoneal injection of organic peroxides in 
these acute studies occurred within six days. 
There was no weight loss in any of the sur- 
viving animals during the four-week period 
following a single injection at each dose level, 
however. 


OraL ADMINISTRATION, Rats 


The LD, value for di-t-butyl peroxide by 
gavage was greater than 25,000 mg/kg; amounts 
greater than this distended the rat’s stomach 
beyond the point where the results would have 
toxicologic significance. 

The three hydroperoxides were found to 
have LD, values of the same order of magni- 
tude ranging from 382 mg/kg for cumene 
hydroperoxide to 484 mg/kg for methyl ethyl 
ketone peroxide (Table III). 

Practically all of the deaths from the oral 
administration of organic peroxides occurred 
within five days. There was no weight loss in 
any of the surviving rats during the four-week 
period following a single dose administration of 
each dose level. Extensive urinary bleeding oc- 
curred in the rats treated with cumene hydro- 
peroxide (400 mg/kg). 


INHALATION Exposure, Rats AND MICE. 


The LC, values (Table III) were compar- 
able for rats and mice, the greatest divergence 
again occurring in the case of di-t-butyl per- 
oxide; 4103 ppm, was the highest attainable 
vapor concentration under the conditions of 
the experiment and neither rats nor mice suc- 
cumbed from a 4-hour exposure at this level. 
Tertiary-butyl hydroperoxide by inhalation tests 
is seen to be less toxic also than either methyl 
ethyl ketone peroxide or cumene hydroperoxide, 
whereas they were found to be of approximately 
equal toxicity by the intraperitoneal route (65 
and 95 mg/kg) or by oral administration (484 
and 382 mg/kg). 
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TaBLeE III 
Toxicity Limits of Four Organic Peroxides 


LDso 


mg Com 


Body Weight 


Intra- 
peritoneal 


Rats 


Di-t-Butyl Peroxide (ROOR) 3210 
t-Butyl Hydroperoxide (ROOH) 87 
Cumene Hydroperoxide (ROOH) 95 
Methyl Ethyl Ketone a 65 


R R, 
‘de 


und/kg 


Oral 
(Gavage) 


Rats 


> 25000 


Maximal Non-irritating 


LCso Strength 


Per Cent Peroxide 
in Vehicle 


Skin 


ppm 
4 hours exposure 


Inhalation Eye 


Rats Mice Rabbits Rabbits 


>4103 > 4103 97 
406 500 350 
382 220 200 7 

484 200 170 1.5 


Rats exposed to di-t-butyl peroxide vapor 
(4103 ppm) developed head and neck tremors 
uniformly in all six rats after ten minutes of 
exposure. A weekness in the extremities oc- 
curred, appearing first in the forelegs, later in 
the hindlegs. After 45 minutes the tremors 
lessened in all the rats. After 1 hour and 45 
minutes one of the rats showed signs of hyper- 
activity at 10-second intervals. At the end of 
the 4-hour exposure the tremors had virtually 
disappeared, and the rats remained prostrate. 
Seven days later the hyperactive rat died; the 
only death of the six exposed rats. 

The mice were less affected than the rats, ex- 
hibiting only excitability and somewhat labored 
breathing. This occurred after ten minutes of 
exposure, was maximal at 30 to 50 minutes, 
and still persisted, though somewhat lessened, 
at the end of the exposure period. The high 
dosage levels of each of the peroxides tested 
by the inhalation route caused porphyrin dep- 
osition in the nostrils and irregular respira- 
tion in the majority of the rats and mice. 


Sxin Tests, Raspits 


There was apparently no immediate discom- 
fort caused by the direct cutaneous application 
of the organic peroxides; the delayed reaction 
was quite severe, however, for three of the com- 
pounds, t-butyl hydroperoxide, methyl ethyl ke- 
tone peroxide, and cumene hydroperoxide. When 
applied full strength these three compounds 
caused erythema, edema and vesiculation within 
two or three days. Methyl ethyl ketone per- 
oxide again exhibited the greatest toxicity of 
the four organic peroxides tested, di-t-butyl 


peroxide the least. The maximal nonirritating 
strengths of the peroxides tested are given in 
Table III. 


Eye Tests, Rassits 


The maximal nonirritating strengths of these 
peroxides are given in Table III. The total scores 
expressing the effects of various concentrations 
of organic peroxides on the eye mucosa are 
given in Table IV. With the exception of di-t- 
butyl peroxide, strong solutions of organic per- 
oxides in dimethyl phthalate or propylene gly- 
col when applied directly to the eyes of rabbits 
affected the cornea, iris, and conjunctiva ex- 
tensively. Weaker solutions (Table IV) affected 


TaBLe IV 
Toxicity of Organic Peroxides 
to Rabbit Eye Mucosa* 


Day of Reading Following 
Treatment 
Compound 


% 


Strength 


Di-t-Butyl Peroxide 

t-Butyl Hydroperoxide 

t-Butyl Hydroperoxide 

Cumene Hydroperoxide 

Cumene Hydroperoxide 

Methyl Ethyl Ketone Perox- 
ide 

Methyl Ethyl Ketone Perox- 
ide 

Control 


o 


* Ocular lesion score of Draize & Kelly.‘ 
t Dilutions made with propylene glycol. 
t Dilutions made with dimethyl phthalate. 
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mly the conjunctiva causing redness of the 
palpebral conjunctiva and chemosis. Methyl 
ethyl ketone peroxide, which is a mixture of 
dimeric peroxide and hydroperoxide, was found 
to be particularly marked as an eye irritant. 
Washing the rabbits’ eyes with water four sec- 
onds after application of the peroxides pre- 
vented reactions in every case. 


Results of Repeated Administration 


JNTRAPERITONEAL INJECTIONS, Rats 


With dosages of % the intraperitoneal LD, 
thrice-weekly for 7 weeks, cumene hydroper- 
oxide and t-butyl hydroperoxide, each produced 
death in one of five rats; methyl ethyl ketone 
peroxide killed two of five; whereas di-t-butyl 
peroxide killed none during the 7-week period, 
as shown in Table V. All of the rats gained 
weight normally throughout the test period, 
although the pelage of some was noticeably 
coarse. 


OraL ADMINISTRATION, Rats 


Table V shows that methyl ethyl ketone per- 
oxide produced death in five of five rats treated 
under the same dosage schedule described for 
repeated intraperitoneal injections, cumene hy- 


droperoxide killed four of five, di-t-butyl per- 
oxide, two of five, and t-butyl hydroperoxide, 
none during the 7-week test period. Loss of 
weight, or the failure to gain normally, was 
a conspicuous feature of this test. The pelage 
was coarse in most of the rats after the first 
week of treatment. 


Pathology 


Acute TEstTs 


Autopsy of several of the mice and rats 
killed by the exposure to organic peroxide va- 
por or sacrificed within the first 24 hours fol- 
lowing exposure showed hyperemia of the lungs, 
with petechial hemorrhages on the lung surface 
of some and gross hemorrhage in others. No 
other lesion found in the acute studies (by in- 
halation, oral, and intraperitoneal routes) by 
either gross or histologic examination could be 
attributed to organic peroxides. However, there 
Was occasional damage to the liver (fatty 
changes in liver cells in central portion of lob- 
ules, increase in number of round cells in portal 
spaces, or mild hyperemia), and to the kidney 
(granular precipitate or casts in the lumina of 
the convoluted or collecting tubules, and des- 


quamation of the epithelium of the proximal 
tubules) . 


TABLE V 
Mortality of Rats from Repeated Doses 
of Organic Peroxides 
Five Animals Used per Test. 
Dosage: 1 LDso of each route, three times 
weekly on alternate days. 


Cumulative Mortality by Weeks 


Organic Peroxide Intraperitoneal Oral (Gavage 


Di-t-Butyl Peroxide 

t-Butyl Hydroperoxide 

Cumene Hydroperoxide 

Methyl Ethyl Ketone 
Peroxide 


SERIAL SACRIFICE StuDy 


In the rats injected with t-butyl hydroper- 
oxide there was some depletion of glycogen in 
the liver and the liver cells were slightly more 
homogeneous than in the controls, but no struct- 
ural changes were observed. A number of rats 
had chronic interstitial pneumonia, apparently 
unrelated to the exposure. 

In the rats injected with methyl ethyl ketone 
peroxide the liver was mildly damaged in all. 
All rats at first week sacrifice showed depletion 
of liver glycogen and dissociation of liver cords. 
At two and three weeks there was still low 
glycogen content but no dissociation of liver 
cells. The control rats showed none of these 
changes, but these changes are frequently found 
in the liver due to agonal stress. Chronic inter- 
stitial pneumonia and bronchiectasis were seen 
in a large percentage of rats and were consistent 
with the findings in spontaneous murine pneu- 
monia. 


Results of the Special Tests 


Cross-TOLERANCE 


Experiments were performed to determine 
whether cumene hydroperoxide would afford 
protection from subsequent lethal concentra- 
tions of itself, hydrogen peroxide, ozone and 
nitrogen dioxide separately. For this, a group 
of 45 mice was exposed to an atmosphere of 100 
ppm cumene hydroperoxide for six hours. (The 
LC, by inhalation is 220 ppm for a 4-hour 
exposure). The mice in groups of ten were chal- 
lenged one week later to the vapors of either 
cumene hydroperoxide, hydrogen peroxide, ozone 
and nitrogen dioxide at the 4-hour lethal con- 
ceutration or above it. As a control, a group 
of ten mice of the same age and weight not pre- 
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TABLE VI 
Comparison of Albumin/Globulin Ratios in the 
Serum of Rabbits Treated Cutaneously 
with Organic Peroxides 


Day of Reading Following First 
Application 


7 


Di-t-Butyl Peroxide 1 

t-Butyl Hydroperoxide 1 

Cumene Hydroperoxide .3} 1.6) 1.2] 

Methyl Ethyl Ketone p 1 
Peroxide | 

Propylene Glycol .2) 1.3} 1.2] 1.4) 1. 

Dimethy] Phthalate : 1.3) 1.5) 1. 


* 0.1 ml of compound applied to a different area of the rab- 
bit’s back (after clipping) on each of these dates. 


‘viously exposed to cumene hydroperoxide ac- 
companied the pre-exposed mice when chal- 
lenged by each of the four substances. Cumene 
hydroperoxide afforded protection only against 
hydrogen peroxide vapors. Challenging con- 
centrations of hydrogen peroxide at 226 ppm 
for four hours (the approximate LC, for mice) 
resulted in a mortality of 10% of the pre- 
treated mice, against 50% mortality for the 
controls. No protection was afforded against 
the other respiratory irritants, including cumene 
hydroperoxide. 


METHEMOGLOBIN FORMATION IN Rats 


It was found that methyl ethyl ketone per- 
oxide formed methemoglobin in rat blood in 
vitro, but not in vivo. Repeated daily exposures 
of rats by inhalation at low levels for three 
days in succession, or repeated intraperitoneal 
injections three times a week for five weeks 
failed to develop any significant amount of 
methemoglobin. 


CHANGES IN SERUM PROTEINS. 


The albumin/globulin ratio increased appre- 
ciably over a 2-week period (three applications 
and eight readings as indicated in Table VI) 
for rabbits treated as in the tests for primary 
irritation with di-t-butyl peroxide, t-butyl hy- 
droperoxide and methyl ethyl ketone peroxide. 
But it also increased similarly in rabbits treated 
with propylene glycol and dimethyl phthalate, 
and not at all for rabbits treated with cumene 
hydroperoxide. 


Discussion 


The toxicity values in Table III are expressed 
as pure compounds, although as seen in Table 
II, none was absolutely pure and three of them 
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contained appreciable amounts of stabilizing 
vehicles. The toxicity limits of the four organic 
peroxides determined in these studies revealed 
marked differences. Particularly noteworthy 
was the finding that the hydroperoxide (ROOH) 
was far more toxic than its dimeric peroxide 
(ROOR), by all routes of administration. Tox- 
icity studies reported elsewhere support. this 
finding; dicumyl peroxide was found to have 
an oral LD,» (single dose for rats) of 3500 
4000 mg/kg compared with 382 mg/kg for 
cumene hydroperoxide found by the present 
authors. This same report” indicated that di- 
cumyl peroxide was relatively nonirritating to 
rabbit eyes, whereas the present authors found 
cumene hydroperoxide to be extremely irritat- 
ing to rabbit eyes. Although the methyl ethyl 
ketone substance was considered a peroxide, it 
was actually a mixture of peroxide and hydro- 
peroxide, as noted earlier; its toxicity bears 
this out. As a group, one would rate the organie 
peroxides, according to the classification of 
Hodge and Sterner® as “moderately toxic” 
(oral LD; , single dose, rats) although one of 
them, di-t-butyl peroxide, would be classed as 
“relatively harmless”. By the inhalation route 
the classification would be moderately toxic” 
and “slightly toxic” respectively. 

One possible correlation, between the degree 
of toxicity and the properties of these com- 
pounds (Tables I and II) may be found in the 
polarographic half-wave potential, E¥2. Dit- 
butyl peroxide, the least toxie of the group, was 
not reduced by the polarographic technique, 
whereas the other organic peroxides, t-butyl 
hydroperoxide, methyl ethyl ketone peroxide, 
and cumene hydroperoxide, which as a group 
are “moderately toxic’? compounds, have com- 
parable half-wave potentials (—0.92 to —1.09 
volts). 

The physiologic responses in the acute tests 
were mild except for the head and neck tremors 
described for rats and mice exposed to di-t- 
butyl peroxide vapor. The most common re 
sponse was that of weakness and coarse pelage, 
which was particularly conspicuous following 
intraperitoneal injections. Nasal porphyrin ex 
udate occurred occasionally in the acute intra- 
peritoneal and inhalation tests. Most of the 
rat deaths in the acute studies occurred within 
48 hours after the administration of organic 
peroxides, and practically all of the deaths 
occurred within 5 or 6 days. Oddly, gain in 
weight was normal in all of the acute tests, as 
well as during the 7-week injection tests, but 
not in the 7-week oral tests. 

The skin and eye tests indicated that the 
hydroperoxides, cumene hydroperoxide, t-butyl 
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hydroperoxide, and methyl ethyl ketone per- 
oxide were irritants, although their effects were 
not immediate: di-t-butyl peroxide was not 
irritating to either the skin or eye. None of the 
organic peroxides caused irritation when washed 
from the rabbits’ eyes four seconds after appli- 
cation. 

The fact that animals died from repeated 
administration of small doses (% LD) of 
organic peroxides is interpreted as a cumula- 
tive effect, and probably of considerable 
importance because in most instances (Table 
VY) cumulative deaths occurred by intraperi- 
toneal as well as the oral route. No explanations 
are given to account for why di-t-butyl peroxide 
did not show cumulative toxicity intraperito- 
neally when it was rather marked orally; nor 
why the hydroperoxide showed no cumulative 
mortality orally. There was no conspicuous 
physiologic response to the repeated intraperi- 
toneal injections except for the development of 
rather coarse pelage in some of the rats. The 
weight gain was normal throughout the test 
period. The more marked cumulative mortality 
resulting from the oral administrations would 
indicate lesser detoxication by this route. As- 
sociated with this was a conspicuous loss of 
weight and development of coarse pelage in all 
of these tests. 

There was no pathologic change that could be 
attributed specifically to the organic peroxides. 
Changes in the liver were typical of those fre- 
quently found following agonal stress, and the 
lung changes were considered consistent with 
those found in spontaneous murine pneumonia. 
The lungs of some rats and mice were found by 
gross examination to be hyperemic and slightly 
hemorrhagic following exposure to organic va- 
pors. 

Of the special tests performed with the or- 
ganic peroxides it was found that rats, following 
exposure to the vapor of cumene hydroperoxide 
developed an appreciable tolerance to the chal- 
lenging lethal doses of the vapors of hydrogen 
peroxide, although oddly no tolerance to cumene 
hydroperoxide itself could be demonstrated. An- 
other test showed that whereas methyl ethyl 
ketone peroxide preduced methemoglobin in rat 
blood in vitro, repeated inhalation exposures 
and intraperitoneal injections of methyl ethyl 
ketone peroxide failed to produce methemoglobin 
in rat blood in vivo. 


Summary 


Of the four organic peroxides studied (methyl 
ethyl ketone peroxide, cumene hydroperoxide, 
t-butyl hydroperoxide, and di-t-butyl peroxide), 
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methyl ethyl ketone peroxide was the most toxic 
by all five routes of administration. Toxicity 
ratings indicate that the hydroperoxides 
(ROOH) are “moderately toxic” compounds. 
Di-t-butyl peroxide (ROOR) was the least toxic 
by all routes tested and is classed as “ relatively 
harmless” to “slightly toxie” (inhalation). 

Histopathologic study failed to reveal any site 
of damage, although there were questionable 
indications that the liver may be involved. 

Some protection from lethal doses of hydrogen 
peroxide was demonstrated in rats following ex- 
posure to cumene hydroperoxide and subsequent 
challenging with hydrogen peroxide vapors. 

It was demonstrated in rats for at least three 
of the four organic peroxides tested that re- 
peated sublethal doses (% LD,,) either orally or 
intraperitoneally resulted in cumulative effects 
ending in death of some of the animals. 

All of the organic peroxides tested were skin 
and eye irritants, except di-t-butyl peroxide. 

Changes in the electrophoretic pattern of the 
serum protein of rabbits, or the presence of 
methemoglobin in rat blood could not be con- 
clusively demonstrated in animals following ex- 
posure to organic peroxides. 
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Studies on Smog Produced in Irradiated 
Reaction Chambers* 


R. W. SHORTRIDGE, F. V. MORRISS, C. C. BOLZE 
and E. E. HARTON, Jr. 


Midwest Research Institute, Kansas City, Missouri 


HE WORD “smog” is not very well defined 

as yet-—most dictionaries still call it “a mix- 
ture of smoke and fog,” and let it go at that. 
For this reason, in giving a talk on smog, it is a 
good idea to start out by defining our terms. 

We think of smog at our laboratory in terms 
of two sets of properties characterizing each of 
two types of smog. These properties are outlined 
in Table I. 

We consider that there are two types of smog. 
One of these occurs most typically in Los Angeles, 
and the other most typically in London. The 
differences between the two are obvious. 

The work upon which we are reporting has been 
on the Los Angeles type of smog, and was per- 
formed under contract with the Air Pollution 
Foundation, which is an independent, non-gov- 
ernmental, non-profit organization formed to 
study the causes and manifestations of smog in 
Los Angeles. We are indebted to Dr. W. L. 
Faith and Dr. L. H. Rogers of the Air Pollution 
Foundation for their support during the course 
of this work. The definition of the two types of 
smog we have just given in Table I is due to 
Dr. Rogers. 

Our assignment throughout the three-year 
duration of our project, from summer 1954 
through summer 1957, was to use motor car 
exhaust and certain hydrocarbons typically 
found in it, oxides of nitrogen, and irradiation by 
actinic light to simulate Los Angeles smog in a 
suitable chamber in which it could be studied 
under controlled conditions. 

Our initial studies, the object of which reflected 
the state of knowledge of Los Angeles smog in 
1954, were attempts to produce smog damage in 
plants, specifically pinto beans, on the basis that 
this would be a completely objective sort of 
thing, devoid of the subjective aspects of evaluat- 
ing eye irritation in human beings. 

Previous investigators had reported that the 
most typical aspects of Los Angeles smog—odor, 
eye irritation, and plant damage—could be pro- 
dueed by mixing ozone and a suitable hydro- 

*Presented at the 1958 Industrial Health Conference, At- 
lantie City, N. J., April 24, 1958. 


carbon together under the proper conditions. 
Of the hydrocarbons studied, 1-hexene appeared 
to be the most effective. Other investigators 
reported that motor car exhaust was a suitable 
source of the hydrocarbon component. These 
workers indicated that the hydrocarbon content 
of motor car exhaust was far more effective in 
producing smog than was l-hexene on a com- 
parable weight basis. If these results could be 
taken as valid—if the total hydrocarbon content 
of motor car exhaust is more effective in produc- 
ing smog than is 1-hexene—then there must be 
one or more unknown components of the exhaust 
more effective than 1-hexene, since all known 
components are less effective. Our initial study 
was designed to attempt to isolate and identify 
these components. 

Unfortunately, over a period of almost a year, 
it became more and more apparent from our own 
work and that of other investigators that there 
is no great degree of correlation between plant 
damage from smog and eye irritation from smog, 
and that attempting to assess plant damage and 
assign its causes to the presence of smog, ozone, 
or other phytotoxicants is by no means as objec- 
tive a sort of thing as was expected. Measurement 
of degree and type of plant damage had to be 
assessed strictly by visual observation, and this 
assessment turned out to be about as subjective 
as direct measurements of eye irritation. 

We, therefore, turned to eye irritation studies 
to measure smog effects, and by means of exten- 
sive replication of experiments and fairly sophis- 
ticated statistical treatment of the results, we 
were able to reach a number of significant con- 
clusions, which will be discussed in the remainder 
of this paper. 

About the same time that our program began 
to emphasize eye irritation as the primary meas- 
urement of smog intensity, the Air Pollution 
Foundation set up at the South Pasadena, Cali- 
fornia, facility of Stanford Research Institute a 
dynamic system for smog investigations, in which 
a constant flow of motor car exhaust is added to 
an air stream. This mixture is then irradiated 
by actinic light from artificial sources in a reac- 
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tion chamber of 500 cubic foot volume. Simul- 
taneously, an equal flow of polluted air issues 
from the chamber and is subjected to various 
chemical and physiological tests. 

This facility at Stanford Research Institute 
may be compared and contrasted with ours, 
which differs in a number of respects. Most im- 
portant of these is that ours operates as a static, 
or batch system. A single parcel of polluted air 
is produced in the reaction chamber at a given 
time and, without further addition of reactants, 
tests are run on samples of this parcel of polluted 
air over a period of time. Further differences 
between our system and the one at Stanford 
Research Institute are that ours is over four 
times as large and it is irradiated with natural 
sunlight. 

Our facility for studying air pollution, then, 
tends to simulate a limiting condition which 
might be found in an actual atmosphere where 
it is stagnant and receives no further pollution 
beyond the initial dose. 

It was the primary purpose of the Air Pollution 
Foundation in supporting more or less similar 
programs at both these facilities—the dynamic 
one and our static one—to compare the results 
obtained in each and to allow each program to 
strengthen the other by simultaneous study of 
the smog problem from two different angles, 
and, finally, to use the results of both of these 
programs to help answer the basic question: 
How much and in what. ways will motor car 
exhaust emissions need to be controlled in order 
to minimize present and future smog conditions? 

Let us now pass on to a description of our smog 
facility at Midwest Research Institute. This was 
adapted from a small greenhouse, as shown in 
Figure 1. This figure also shows one of the motor 
cars used for exhaust production. This 1952 
Ford station wagon with automatic transmission 
was later replaced by a similar 1956 Ford station 
wagon. 

Both cars were kept in good condition by fre- 


June, 1958 


quent tuneups, and operating characteristics of 
the engines were kept under control by means of 
such instruments as a tachometer, a manifold 
vacuum meter, and, most important for proper 
operation, a Liston-Becker non-dispersive infra- 
red analyzer, sensitized to hexane as a typical 
hydrocarbon and connected to give a constant 
measurement of the hydrocarbon content of the 
exhaust gases. 

The exhaust from the car is led into the smog 
facility by a short piece of flexible metal pipe 
carrying a double-throw spring-operated valve, 
so that precisely timed charges of exhaust can 
be introduced. The interior of our smog facility 
is shown in Figure 2, which shows the modifica- 
tions necessary to convert the greenhouse into 
a suitable facility for smog studies. A glass floor 
was installed and glass panels were set up to 
cover the metal heating coils and concrete 
foundation wall. All other surfaces are coated 
with a white alkyd resin paint. It is calculated 
that 80% of the chamber surface is glass. The 
volume of each chamber is 2200 cubic feet, and 


Figure 1. Exterior of 
Institute Smog Facility. 


Midwest Research 


Figure 2. Interior of Smog Facility. Showing 
Eye Irritation Panel. 
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the volume to surface ratio is 2 cubic feet per 
square foot. 

All joints are well caulked, and soft weather- 
stripping around the doors makes the chamber 
fairly air tight. Spring latches insure complete 
dosing of the doors. Fans at the floor level 
promote rapid mixing of the pollutants intro- 
duced. Materials such as nitric oxide, nitrogen 
dioxide, and hydrocarbon in the vapor state, 
all under conditions where they would not be 
expected to undergo chemical reaction, have an 
approximate half-life of 90 minutes. This loss 
is probably mostly due to ventilation, but there 
is also a degree of surface adsorption to be 
expected. 

Now let us describe our analytical instrumenta- 
tion for this smog facility. You see in Figure 2 
our most important analytical instrument—our 
smog panel. These people enter the chamber at 
specified times during an experiment, stay a 
specified period, leave the chamber, and report 
on a form the eye irritation they have experi- 
enced, on a scale of seven values ranging from 
none to very severe. Under normal conditions 
of a test, the panel members wear respirators to 
prevent nose and throat irritation and keep this 
eflect from affecting their estimate of eye irrita- 
tion. 

Figure 3 shows our next most important instru- 
ment, which is a Kruger Oxidant Recorder. 
This continuously measures and records the 
extent to which air flowing through the instru- 
ment at a measured rate has the ability to oxidize 
iodide to tri-iodide in a buffered solution of 
potassium iodide. The importance of this instru- 
ment is due to the general belief that there is a 
correlation between eye irritation and oxidizing 
capability of the atmosphere. Our work, as will 
be seen, indicates strongly that there is no such 
correlation. 

Also visible in this same figure is part of our 
collection system for air samples for each of the 
two chambers. By means of glass tubing leading 
toeach chamber, vacuum pumps, and flowmeters, 
measured samples of chamber air can be taken 
for various wet chemical tests. Among those we 
have run from time to time are oxidant by 
phenolphthalin oxidation, oxidant by ferrous 
thiocyanate oxidation, aldehydes by reaction 
with bisulfite and subsequent iodine titration, 
hydrocarbons by infrared spectrophotometry 
of freeze-out samples, and sulfur dioxide by 
absorption in sodium tetrachloromercurate fol- 
lowed by color formation by treatment with 
acidic pararosaniline. From time to time oxidant 
has also been measured directly in the chambers 
by the rubber-cracking method using the Good- 
rich ozonometer, and carbon monoxide has been 


Figure 3. Oxidant Recorder and Air Sampling 
Assembly. 


Figure 4. Oxides of Nitrogen Recorder 


measured directly in the chambers by use of a 
Mine Safety Appliances carbon monoxide meter. 

Finally, we continuously measure and record 
chamber concentrations of nitric oxide and nitro- 
gen dioxide by use of the instrument shown in 
Figure 4. This instrument was developed by 
Stanford Research Institute under Air Pollution 


Foundation sponsorship, and our particular 
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model was built by Borman Engineering, Inc, 
Its operation is based upon color formation in 
Saltzman’s reagent by nitrogen dioxide. In a 
separate gas stream nitric oxide is oxidized by 
ozone to nitrogen dioxide and thus the total 
amount of both oxides is measured in this stream. 
The difference between the two readings repre- 
sents the nitric oxide present. This instrument 
has been modified in a number of ways by us to 
reduce its original response time from 30 minutes 
down to 9 minutes. 

In addition to all these measurements on the 
pollutants in our smog chamber, we also con- 
tinuously record ambient temperature and 
humidity inside the chambers, and light intensity 
outside. These measurements are made for the 
purpose of allowing the introduction of correc- 
tion terms into the statistical analysis of the 
results. Beyond keeping chamber temperature 
within bearable limits during the summer by 
means of external water sprays, no attempt is 
made to control any of these variables. 

In general, the program of experimentation 
with this facility involves: (a) introducing the 
desired pollutants into each chamber at the 
desired time (the presence of two separate 
chambers allows us to run two tests simul- 
taneously); (b) allowing this polluted atmosphere 
to stand during a 100-minute period while the 
various analytical measurements, including the 
eye irritation measurements, are made; and (c) 
statistically analyzing the results of each experi- 
ment in conjunction with the results of other 
experiments in the same statistical design to 
draw conclusions significant at the 95% confi- 
dence level. 

The pollutants we have used at one time or 
another during the course of this work include 
exhaust from the idling motor car engine, a num- 
ber of pure hydrocarbons, nitric oxide, and 
nitrogen dioxide. 

We shall now describe the results we have 
obtained from five series of experiments run in 
this facility to date. All results cited are signifi- 
cant at the 95% confidence level. 

It was initially desired to make certain that 
sunlight was necessary in our facility for the 
eye irritation characteristic of Los Angeles smog. 
Therefore, our first series of experiments was 
run using all combinations of presence or absence 
of sunlight, nitric oxide, nitrogen dioxide, and 
idling exhaust. Results showed that eye irritation 
was, in fact, significantly greater in the presence 
of sunlight than in its absence. All subsequent 
experiments, therefore, have been performed in 
the presence of sunlight. 

In the second experiment, the hydrocarbon 
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pollutants studied were idling exhaust as such 
idling exhaust plus 1-hexene, idling exhaust 
plus 3-methylpentane, and idling exhaust plus 
both of the pure hydrocarbons mentioned, 
Oxidizing pollutants were nitric oxide and 
nitrogen dioxide. These were all studied at various 
levels in two statistically-designed series. Results 
of this experiment were as follows: 

1. Irradiated motor car exhaust, in concentra- 
tions similar to those found in the atmosphere, 
produced both the eye irritation and the oxidant 
manifestations of Los Angeles smog. 

2. Both eye irritation and oxidant increased 
as hydrocarbon concentration increased up to a 
certain point. Above this hydrocarbon concentra- 
tion, eye irritation continued to increase, but 
oxidant formation was actually decreased. 

3. Some component or components of motor 
car exhaust caused it to be a more potent smog- 
former than either of the two pure hydrocarbons 
studied. 

The third experiment comprised two statisti- 
cally-designed series of runs. One of these series 
compared the effect of Cs versus Cs hydrocarbons, 
olefins versus paraffins, and straight-chain versus 
branched-chain hydrocarbons as pollutants upon 
eye irritation and oxidant. The other studied the 
effect of olefin chain length and double-bond 
position. Statistically significant results from this 
third experiment were as follows: 

1. Olefins caused more eye irritation than did 
paraffins, and they produced more oxidant. 

2. Branched-chain olefins gave more eye irrita- 
tion than straight-chain olefins, and they pro- 
duced more oxidant. However, chain-branching 
in paraffins had no effect upon eye irritation or 
oxidant formation. 

3. Increase in olefin chain length increased 
eye irritation but did nat affect oxidant forma- 
tion. 

4. Olefins with terminal double-bonds gave 
less eye irritation than those with non-terminal 
double-bonds, but there was no effect upon 
oxidant formation. 

5. Overall, there was no significant correlation 
between oxidant formation and eye irritation. 

The fourth experiment studied the relationship 
between eye irritation and oxidant formation 
somewhat more intensively, using 2-heptene and 
nitrogen dioxide at four different levels each. 
Results from this experiment were as follows: 

1. For anv nitrogen dioxide level, maximum 
oxidant forr..iion occurred at a hydrocarbon 
level of about 120 parts per hundred million. Eye 
irritation, however, had no maximum in the 
range of concentrations studied. 

2. In any given set of replicate runs, there was 
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a significant negative correlation between oxidant 
level and eye irritation; that is, runs giving above 
average oxidant level gave below average eye 
irritation, and vice versa. 

The last experiment we want to mention here 
was to compare the eye irritant effects and oxi- 
dant effects of n-hexane as a typical paraffin, 
cyclohexane as a typical cycloparaffin, cyclo- 
hexene as a typical cycloolefin, and benzene as a 
typical aromatic hydrocarbon. The results of this 
experiment showed that none of these hydro- 
carbons except cyclohexene, the cycloolefin, 
gave significant differences in eye irritation or 
oxidant formation. For cyclohexene, both of these 
effects were significantly greater. 

In conclusion, here are the things we have 
found out during our three years of work with 
this facility: 

1. Motor car exhaust, in concentrations similar 
to those found in the atmosphere, produces both 
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the oxidant and the eye irritation manifestations 
of Los Angeles smog. 

2. The presence of sunlight is necessary for 
this effect to occur in our facility. 

3. Olefins produce more eye irritation than do 
paraffins, and probably produce more than do 
aromatics. 

4. Overall, no significant correlation has been 
found between eye irritation and oxidant forma- 
tion. 
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NDUSTRIAL VENTILATION, a manual of recommended practices, published 
by the American Conference of Governmental Industrial Hygienists, is now avail- 


able in a new revised enlarged fifth edition. The new edition contains over 200 
pages, 226 diagrams, 52 tables of ventilation material, 65 diagrams of hood designs and 
12 ventilation charts. Changes in the 1958 edition are: revised equations for oven ven- 
tilation; revised equation for airflow into hoods; new material on ventilation of radio- 
active and high toxicity contaminants; 16 new hood designs for specific operations and 
33 revised designs; new material on cleaning for radioactive contaminants; revised 
table for collectors in industry; new chart on comparison of air filter characteristics; 
revised (more complete) tables of physical constants; and additional reference ma- 
terial. 

Industrial Ventilation combines the practical experience of ventilation engineers 
throughout the country and includes up-to-date information on the design and in- 
stallation of industrial exhaust systems. Over 14,000 copies of the previous editions 
have been sold to contractors, architects and others interested in the work. A feature 
of the manual is a great number of line drawings and sketches showing hood types and 
designs. The manual has been used as a text-book and guide in industrial ventilation 
courses at a number of universities. 

The new edition of this manual, which sells for $4.00 in single copies may be ob- 
tained from the Committee on Industrial Ventilation, P.O. Box 453, Lansing, Michi- 
gan. A hard bound copy is available at $7.00. 
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Air Pollution and the Public Health 


Excerpts from the Harben Lectures! given before the 
Royal Institute of Public Health and Hygiene, 
London, Eng., May, 1957 


PHILIP DRINKER 


School of Public Health, Harvard University, Boston 15, Massachusetts 


Population Pressures and Air Pollution 


IR POLLUTION is a problem of popula- 

tion growth. The population of the world at- 
tained a growth rate, best described as explosive, 
about 1700—somewhat after some bad famines 
and great pandemics had subsided. Disease ex- 
acted a fearful toll and even in the 19th century, 
yellow fever, cholera, smallpox, typhoid fever, 
influenza, and tuberculosis were great natural 
controls of the kind with which Malthus was 
concerned. (Figure 1). 

None of these disasters changed the world’s 
growth curve significantly or that of its compo- 
nent cities and states. Once the curve began its 
steep climb the trend has not deviated and no 
longer are disease, famine, and war the great 
levellers. The growth rate set by the United 
Nations is 11.2 persons/1000/year. 

Our friends in Britain think of us in the United 
States as having plenty of room to expand and 
possibly some imagine that we are still blessed 
with boundless natural resources. They have a 
present population of 51 million and a population 
density of 550 persons per square mile. In the 
United States we had 164 million in 1956, giving 
us a population density of 54. But if we compare 
England and Wales to northeastern United 
States (New York, New Jersey, Pennsylvania 
and the New England states), we get a popula- 
tion of 44 million for Great Britain and 42 for us. 
Britain’s density is 764 and ours is 251 persons 
per square mile. Clearly population pressure is 
becoming important to us. 


The Demand for Energy 


It is estimated that our demand for power is 
close to 3 per cent per annum, which must be 
compounded. Our record of fuel consumption in 
the United States is ominous. One-half of the 
coal we have consumed has been burned up since 
1920, and nearly one-half of all the oil and gas 
consumed has been burned since 1940. Today we 
who thought we had plenty of oil must bring it 
in from other countries to satisfy the power 
demand for energy. 


Putnam? estimates that the energy demand in 
1960 in the United States will be 32 per cent for 
comfort heat (heating and cooling), 11 per cent 
for process heating, and 57 per cent for work heat. 
The trend in the United States is towards the use 
of substantial amounts of energy for cooling in 
hot weather. This new demand for energy is 
certain to increase. 

In Figure 2 are shown the trends in the various 
fuel sources for the past hundred years in the 
United States. Bituminous coal is still the most 
used fuel. Wood has gone from the most used to 
the point where it is about even with oil and gas 
together. Burning of farm wastes, or converting 
them into fuels such as alcohol, will probably 
decrease in importance as the trend in agriculture 
is to return farm wastes to the soil as fertilizer. 
Note the comparative unimportance of hydro- 
electric power in terms of the total. 

We will generate power soon from atomic 
reactors now being built. The pollution problems 
from atomic power are no. worse than those we 
now have, probably they are really much less. 
In the event of a disaster such as a direct hit 
from an enemy bomb the prospect of widespread 
air contamination is not inviting. But there has 
been no new development in the history of in- 
dustry that has so effectively kept ahead of the 
problems of public health as has the atomic 
energy industry. In describing the safety pre- 
cautions and general safeguards on the Nautilus, 
an atomic submarine, Ebersole remarks that the 
plans are “‘fool-proof until a fool comes along.” I 
suppose something of the sort applies to the 
projected power plants. There certainly has been 
no indication of neglect or failure to consider fully 
the possibilities of atmospheric pollution in their 
normal operation. 


Visibility and Suspended Matter 


In the London Smog* of December, 1952, the 
average smoke content on December 6th and 
7th at stations in central London ranged from 


*The word smog was coined by Dr. H. A. Des Voeux im 
England in 1905. 


218 


PERCENT or TOTAL BTU 
re 


I m 
2t 
the 
Ke 
mg 
to 
‘a 
al 
s 
6 
5 
F 
Stat 


Industrial Hygiene Journal 219 
2 to 4 mg/m, which is some ten or fifteen times not account for the low visibility. According to 
the normal non-foggy value for December. At Douglas and Stewart,’ visibilities as low as five 
Kew Observatory it reached a maximum of 2.3. yards—as in a London ‘Pea-Souper’’—need 
mg/m*. These values are high enough to acgodnit tiapensions of about 200 mg/m* and they sug- 
to the extreme dirtiness of the fogs, betteth: ; at some 98 per cent of such a concentra- 
be water droplets blackened by sus- 

he size of these fog droplets and 

suspension depends on local 
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In 1924 Shaw an wens' made tests to deter- 


1200 1600 2000 nine the lower limit of “ceiling” of inversion 
YEAR layers over the Croydon aerodrome (near Lon- 
don) during a severe December fog. On the first 
night their test kite came into brilliant moon- 
light at 300 feet. A little later the inversion layer 
moved up to 500 feet and then to 900. At the 
same time the temperature at Kew Observatory 
was 34°F and persisted up to 300 feet. At 400 
feet it had risen to 45°F and so remained up to 
1,250 feet when cold air was encountered. 
During the 1952 fog in London the photograph 
shown in Figure 3 was taken rather by chance and 
shown in The Times. Ranmore Common is only 
615 feet above sea level yet is obviously above 
the fog. At other places the ceiling was sometimes 
higher and sometimes lower. In their preliminary 
report. Douglas and Stewart state that the “fog 
was thickest in the London Basin in which visi- 
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Figure 1. Growth of world population 
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1860 80 1900 Ficure 3. Box Hill, Surrey, looking towards 

YEAR Ranmore Common, alt. 615 feet, during the 
Figure 2. The fuel resources of the United London fog of December 1952. (Courtesy A. F. 
States. Kersting, London) 
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bility over large areas was below 20 yeards for 
many hours on end and was often below 10 
yards.” 

Shaw and Owens, studying London fogs in 
1924, recount the fact that their test balloons 
could be seen to bounce downwards at the edge 
of the inversion layer and to remain for a few 
moments until the gases within the balloon and 
in the surrounding air came into equilibrium, 
then the normal ascent would continue. This 
observation has been noted and _ rediscovered 
frequently, for the stability of such inversions 
and their ceilings are now recorded routinely in 
many large cities. 


Fog Disasters 


The fogs along the Meuse Valley of Belgium in 
1930, at Donora, Pa. in 1948, and in London, 
1952, all came in areas accustomed to such visita- 
tions. They differed from previous episodes 
mostly in the fact that they lasted for 4 to 5 
days. Had they lasted only one day, it is likel, 
that they would not have posed a health problem. 
As they occurred each was a major disaster. They 
differed one from the other only in the numbers 
of persons killed or made severely ill. Mortality 
and morbidity rates were comparable in all three 
episodes, the totals in each case varying with the 
populations affected. Meuse Valley came first. It 
is of interest that one of the Belgian authorities 
commenting upon it later said that a comparable 
episode in London might kill 3200 persons—the 
’52 fog in London killed about 4000 within the 
week and some 8000 deaths in excess of the ex- 
pected occurred over the next two months. 

The precise etiology has not been determined 
for any one of the three and it is unlikely it ever 
will be. This is one of the many examples of prob- 
lems in public health in which it is easier and far 
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FicureE 4. The daily cycle in oxidant and 
N-oxides in Los Angeles area. (Courtesy Air 
Pollution Foundation) 
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more practical for engineers to control effluents 
than it is for toxicologists to isolate and identify 
the specific culprits. I cannot imagine a recur- 
rence of the Donora incident while London, with 
the most serious problem of all, is now a very 
different place in terms of pollution control, than 
it was in ’52. 

In all three of these episodes the air was wet, 
it had a peculiar sulfurous smell and it dirtied 
everything. The temperature was not far above 
freezing. Of Donora they said, ‘‘there was some- 
thing white and scummy mixed up in it.” The 
asthmatics and cardiacs were particularly suscep- 
tible in all three fogs. The older people were more 
bothered than the young but no real immunity by 
any age group was apparent. 


Los Angeles Smog 


If one likes to live in climatic order and beatific 
monotony Los Angeles, for most of the year, has 
much to recommend it. The New Englander 
gets restive under such a regime and looks for a 
bit of nasty weather to relieve his boredom. I 
would not trade anything Los Angeles has for the 
four seasonal changes that are an annual oc- 
currence in New England—and they are usually 
ushered in and out with some thoroughly bad 
weather. 

Los Angeles has never had pollution episodes 
like those of Meuse Valley, Donora, or London. 
If one can rely upon nature to keep repeating its 
weather patterns, there is no liklihood that they 
will get such a visitation. Their health statistics 
are impressive as are those for the entire state of 
California. 

An important feature is the fact that Los 
Angeles smogs damage vegetation. 

The smog irritant is now strong enough to 
make people move out into the country. Many 
remember ten or fifteen years ago when they had 
no such bad eye irritant; protests have been 
mounting in vigor and in acrimony. Undeniably 
it is affecting the people’s way of life and in a 
land of plenty this is not to be endured with 
equanimity or complacence. 

It was accepted, certainly well before 1950, 
that Los Angeles smog had unusual oxidizing 
power. The presence of ozone in smoggy air was 
proved by collecting it on silica gel, releasing it, 
and identifying it spectroscopically. 

Smog can be produced by irradiating various 
compounds and NO, either by sunlight or by 
blue fluorescent light. Visible aerosol formation 
results from irradiating 3 ppm of hexene and 2 
ppm of NO. in 5-liter flasks, transparent for 
3660 A, and is produced most easily with ring 
compounds such as cyclohexene. 
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As rubber is very sensitive to ozone, it was 
found that bent rubber strips in the test flasks 
ave a convenient way of determining ozone by 
the depth of the crack produced in a given time. 
The irradiations are done in air or oxygen and the 
light source is either sunlight or blue fluorescent 
lights. 


The Daily N-Oxide Cycle in Los Angeles 


A recent report by Faith et al.® shows the 
N-oxide daily cycle in Los Angeles (Figure 4). 
The oxidant (smog former) reaches its daily 
peak around noon, when solar radiation is maxi- 
mum, the N-oxides are at their low at noon and 
highest at night. The oxidant needs sunlight for 
its formation while the N-oxides do not. 


The Control of Motor Car Exhausts 


In the following table are shown typical analy- 
ses of modern automobile exhaust gases.° 


Decel- 


Acceler-| Cruis- 
eration 


Idling ation ing 


1275 410 354 


Hydrocarbons (C3-Cs), as 
hexane, ppm 

Acetylenic, as acetylene, ppm} 825 687 

Oxides of nitrogen, as NO: , 8 | t 


ppm 


| 5125 


Lower aldehydes, as formal- 88 
dehyde, ppm | 
CO, % 3.6 


CO: , % | 10.0} 
, % 


It is to be noted that carbon monoxide, CO, goes 
up during idling while nitrogen oxides drop. Dur- 
ing acceleration and cruising, combustion is at 
its best with result that CO is then lowest, CO> is 
highest, and NOs» has fallen. The values for the 
unburned hydrocarbons are also significant in 
relation to possible control of exhaust gases. 

No nation has paid attention to N-oxides in 
chimney gases. The concentrations increase with 
furnace temperatures—the better the plant is run 
the more N-oxides we get. 


Pollution by Sulfur Dioxide 


Smelters treating sulfide ores get rid of the 
sulfur by roasting it off. The stack effluent will 
contain SO, , therefore, in varying concentrations. 
If S02 exceeds about 2 per cent, the gas can be 
cleaned and the SO. converted into sulfuric acid. 
Another possibility is to purify the effluent, col- 
leet the SO2 and compress it to the liquid. A third 
is to treat the effluent gas with a cheap reducing 
agent, such as natural gas, and recover elemental 
sulfur of high purity. The fourth possibility and 
the one most frequently used until about 1930 


Ficure 5. Smelter stacks, 300 and 600 feet 
high, with plumes going in different directions. 
(Courtesy Messrs. Olson and Abersold, American 
Smelting and Refining Co.) 


was to discharge effluents through high stacks, 
many of which today exceed 600 feet. 

But the weather aloft does not always do what 
one on the ground would like. I show in Figure 5 
two smelter stacks, one of about 300 feet and near 
it a new one over 600 feet. The smoke plumes 
from the two are going in opposite directions. 

I would like to turn to a brief consideration of 
the indirect role of sulfuric acid in abating some 
major pollution problems in the non-ferrous 
smelting business—this acid is the most important 
and most used heavy chemical manufactured to- 
day. It is relatively cheap, handled and shipped 
in bulk, and used in large amounts by the steel, 
petroleum, fertilizer, and other operations all 
over the industrial world. With the growth of the 
chemical fertilizer industry major smelters, like 
Trail, found a steady market for sulfuric acid. 

Farmers with an abundance of new land are 

not apt to be fertilizer-minded. If they have been 
sareless and impoverished their land, or when 
they must increase their yield, they will heed 
advice from agricultural experts. When the Trail 
Smelter decided to enter the phosphate fertilizer 
business, as an outlet for their sulfuric acid, they 
had to do some active campaigning and teaching 
of their prospective customers. They gave them 
fertilizer and demonstrated, on the farmer’s own 
land, the improved yield that fertilizer would 
bring about. Today their acid and fertilizer busi- 
ness constitute major items in the smelter’s 
economy. (Figure 6.) 

Modern British power stations, burn bitu- 
minous coal containing about 1 to 114 per cent 
sulfur. Our plants in the east burn soft coal con- 
taining about 34 per cent sulfur while soft coal 
in our mid-west and in the Rocky Mountains 
may exceed 5 per cent sulfur. In any one of these 
large plants burning high sulfur coal the amount 
of SO2 evolved compares with that from smelters. 
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197000 “10 20 "300 *40 50 
FicureE 6. Production of sulfur. gases, sulfuric 
acid, zinc and lead at Trail Smelter. (Courtesy 
Consolidated Mining Corporation) 


The oil refineries in our west, particularly those 
in the Los Angeles basin, began desulfuring pe- 
troleum in their refineries of their own volition 
well before the public looked askance at SO» 
emissions. Since oil and natural gas are the only 
fuels burned in Los Angeles, the elimination of 
sulfur from petroleum products is a significant 
step. There is every indication the practice will 
spread. By desulfuring, the refineries capture 
sulfur which they dispose of to chemical manu- 
facturers for conversion into sulfuric acid and 
resale to the refineries. 

It is doubtful if this step has actually lessened 
smog formation in Los Angeles. Sulfur dioxide is 


Figure 7. Grazing cow with fluorosis. (Cour- 
tesy Dr. Charles R. Williams) 
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mildly reducing and the low concentrations found 
in Los Angeles in smogs, 0.1 to 0.2 ppm, are 
enough to counteract in a measure the oxidant 
effects of nitrogen oxides, peroxides, and ozone, 

Industrially, SO. is not an especially trouble- 
some gas. Certainly it is not a dangerous gas. It 
gives a useful and convenient way to follow the 
gaseous emissions from stacks more or less as on 
follows B Coli in water supplies. It is not a nor- 
mal constituent of air and if present the evidence 
points towards pollution. ‘Some circumstantial 
evidence is very strong, as when you find a trout 
in the milk.” (Thoreau) 


Pollution by Fluorides 


The effluent fume from modern plants making 
aluminum contains fluoride salts, silicon tetra- 
fluoride, and some hydrofluoric acid much of 
which can be deposited on vegetation at dis- 
tances up to several miles. If animals graze there, 
sooner or later they come down with fluorosis 
which usually first affects their teeth and then 
various of their bony structure. In dairy cattle 
there follows a reduction in milk and butter fat. 

In Figure 7 is shown a photograph taken by my 
colleague, Dr. Charles R. Williams, of a cow 
kneeling on her forelegs and grazing. In the back- 
ground is the offending stack. The cow’s milk 
production has dropped; she has developed 
exostosis; she is suffering from malnutrition and 
her days obviously are numbered. Damage to 
cattle in this particular area resulted in claims by 
the farmers for fluorosis of their herds, loss of 
milk production, damage to flowers (especially 
gladioli) and to fruit trees. The incident occurred 
in our coastal northwest where rain is plentiful, 
snow is unusual, and the grass is always green. 

In making iron and steel, large quantities of 
fluxes like limestone and dolomite are used. Sup- 
plies must be conveniently near to keep down 
costs. In parts of the United States the fluxing 
rock may contain fluorospar which can cause 
fluoride pollution from the furnace effluents. 
Stack gases from the steel mills are in such huge 
volume that their economical cleaning poses & 
very difficult problem. 

We are not rid of fluorine pollution. We know 
we must clean large volumes of gas, and have no 
hopeful indication of a reasonable return on the 
investment. It is not a pleasant prospect. 


The Effect of Sulfur Dioxide on Plants 


Because its occurrence as a pollutant is s0 
common the effects of SO, on plant life have been 
carefully and thoroughly studied. In practice we 
see both acute and chronic leaf damage from 
SO.. Typical acute markings are characterized 
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by sharply defined marginal areas killed. These 
will dry up and usually bleach to a sort of ivory 
eolor while around the injured part the leaf ap- 
pears healthy and normally green. This is the type 
of injury following a sudden fumigation which 
need last only an hour or so. 

Chronic or chloritic markings from SOz follow 
prolonged exposure to much lower concentrations 
than cause the acute injury. The leaf does not 
collapse but the damage is identifiable by histo- 
logical examination and photosynthesis can be 
reduced to about half normal. 


The Effects of Los Angeles Smog on Vegetation 


The characteristic lesions from Los Angeles 
smog are identifiable by skilled plant pathologists 
and have been described and illustrated fully. 
According to Went they were of comparatively 
recent origin—say 1944—and seemed to be asso- 
ciated with the density of motor traffic and espe- 
cially with increasing use of high octane fuel. 

Went found the same kind of plant damage in 
other large cities—San Francisco, New York, 
Philadelphia, London, Manchester, Paris, and 
Sao Paulo—but did not find it in Houston, 
Amsterdam or Rome. In Paris and New York it 
began about 1952, he though, and he suggests that 
the introduction of high octane fuel might ac- 
count for it. . 

In Figure 8, are Went’s estimates of gasoline 
consumption from 1947 to 1954. The dotted line, 
at 12 tons per day, indicates about where plant 
damage begins to be seen. Note that there are 
two lines for London since the fuel consumption 
figures available were for the area of 680 square 
miles so he assumed that either one-half or two- 
thirds would have been used in the central Lon- 
don area of 120 square miles. 


TONS of GASOLINE / 


49 = 


Figure 8. Gasoline consumption and evidence 
of smog damage to vegetation in Los Angeles, 
London and Paris. (Courtesy Dr. Frits Went) 
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This is another example of my same general 
theme—an increase in pollution to objectionable 
levels follows uncontrolled increase in human 
activity. 


Discussion 


There are many economic advantages for an 
industrial nation to have large cities and large 
industrial units. We claim that our industrial 
success is due in great measure to our national 
tendency to standardize on fewer types of prod- 
ucts than is done elsewhere. Such standardization 
is adapted to use of large units. 

Most of us admit that small automobiles are a 
lot more convenient for city use than our modern 
monsters that scarcely fit into garages built a 
few years ago. We could easily turn to the small 
cars in preference to the large, but if we do, what 
assurance have we that our city traffic problem 
would be lessened. 

All large cities are struggling with parking 
problems and the only solution at present is to 
make illegal parking a severe offense with severe 
fines. But can you think of anyone, certainly 
any American, who would not be ready occa- 
sionally to thwart such a rule, if he though he 
could get away with it? No car, large or small, is 
penalized for its exhausts, yet Los Angeles has 
proved to the satisfaction of most of us that such 
penalization or regulation will have to come very 
soon. 

No power plant, large or small, is obliged or 
even requested to do anything to reduce its 
N-oxide effluents. We watch their particulate 
emissions, the blackness of their plume, its opacity 
(black or white), we pay attention to SO. emis- 
sions, and because of their significance in com- 
bustion measurements we record CO and CO.. 
How many measure or record N-oxides? Very 
few. 

The administration of inspection schemes for 
appraising automobile or power plant exhausts 
could become expensive, burdensome and bureau- 
cratic to the point they would be wholly imprac- 
ticable. It is likely that improvements and 
changes in the engines of motor vehicles will be 
accomplished before we have successfully coped 
with traffic and parking problems. 

In the practice of industrial hygiene we control 
objectionable air contaminant to reasonable 
levels. We rarely are able to get rid of them en- 
tirely. This applies to community pollution prob- 
lems. They are accentuated by population pres- 
sures. They may be expensive to control because 
the materials recovered are rarely of value. This 
is a state of affairs which has always been with us 
and it will continue to be with us in the future. 
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X-ray ANALYSIS CONFERENCE 


HE SEVENTH Annual Conference on Industrial Applications of X-ray Analysis 
will be held August 13-15, 1958 at the Albany Hotel, Denver, Colorado. A wide 
field of technical papers will be presented in an informal atmosphere with ample time 
for duscussion. Fields to be covered are x-ray fluorescence, diffraction, absorption, 


and instrumentation. 


Address inquiries to William M. Mueller, Metallurgy Division, Denver Research 
Institute, University of Denver, Denver 10, Colorado. 


RaDIOLOGIcCAL HEALTH 


HE U.S. Public Health Service has established a new Division of Radiological 
4. Health in the Bureau of State Services. This Division will provide technical as- 
sistance to state agencies dealing with medical, industrial and other activities in- 
volving public exposures to radiation, and will conduct varied research and training 
programs. The problems of radiation in air, water, milk, and food will be included. 
Dr. Francis J. Weber will assume duties as Chief of the Division about July 1, 1958. 
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HE MOST common procedure used to eval- 
uate environmental exposures is the determi- 
nation of the concentration of the contaminant 
in the air in the approximate breathing zone of 
the worker. The limitations of air analyses are 
well recognized and are frequently supplemented 
by analyses of biological specimens, particularly 
the urine. Tests have been developed based on 
the determination of the contaminant itself, its 
metabolic products or changes in normal con- 
stituents of the body. The results provide a 
measure of absorption and thus give an index 
of the magnitude of exposure but are not 
necessarily proof of poisoning. The usefulness 
of biochemical tests depends upon the quanti- 
tative correlation which can be established be- 
tween the concentrations found in the bio- 
logical specimens and the magnitude of the 
exposure. 

Urine analyses are commonly used for evalu- 
ating exposures to metallic elements. In using 
such biological tests the base line is the so- 
called normal levels of the constituent in ques- 
tion. In other words, the concentration which 
is present in persons who have not had in- 
dustrial or other unusual exposure to the ele- 
ment. A good correlation between the concen- 
tration of lead in the urine and the magnitude 
of exposure has been established. But in the case 
of arsenic the relationship has not been placed 
on a definite basis. One reason for this is the 
fact that there are many organic arsenic com- 
pounds which have a relatively low order of 
toxicity as compared to inorganic compounds 
and the level of urinary excretion may vary 
widely in relation to potential physiological 
effects. Another factor which may be of real 
significance is the arsenic content of certain 
foodstuff and it is the purpose of this paper 
to discuss this aspect. 

In a pilot plant operation in which there was 
a possibility that arsine could be generated, a 
program of air and urine analyses was con- 
ducted. The air analyses indicated that control 
measures were operating effectively as the re- 


sults showed arsenic either absent or present 


* Present address: Chief, Division of Air Pollution Control, 
Allegheny County Health Department. 
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only in trace amounts at the breathing zones 
of the workers. However, in the course of the 
urine analyses, occasional values exceeding 0.5 
milligrams of arsenic per liter of urine were 
found. In the cases in which high arsenic was 
found in the urine there was no evidence what- 
soever of any adverse effects. The question then 
arose as to the source of the arsenic. 

A careful check of the air analysis procedures 
and sampling locations confirmed previous find- 
ings that exposure in the pilot plant was not a 
significant source of arsenic. A check of all other 
plant areas did not reveal any points of potential 
exposure to arsenic by the personnel in the 
pilot plant. Medication was also ruled out. The 
question of arsenic in foodstuff was then raised. 

The use of lead arsenate as an insecticide 
spray on fruits and vegetables was considered. 
However, the levels of arsenic excretion in 
orchardists and consumers of sprayed fruit re- 
ported by the U. S. Public Health Service’ 
indicated that fruits and vegetables were not 
the main source of arsenic in the pilot plant 
personnel. On the other hand, Monier-Williams* 
pointed out the high level of arsenic in sea 
food. Oysters were found to contain 3 to 10 
ppm arsenic and some shellfish, particularly 
mussle, as much as 120 ppm. Values as high as 
170 ppm were found in prawns, a crustacean. 
After eating lobster containing 70 ppm of ar- 
senic, the urine was reported to contain as much 
as 11 ppm of arsenic. 

Attention was therefore directed to sea food 
in the diet of personnel in the plant. It was 
early evident that urinary levels of arsenic were 
markedly influenced after eating sea food and 
that concentrations in excess of 0.5 mg per liter 
were not uncommon. 


Urinary Arsenic Levels in Plant Personnel 


During the course of this study approximately 
1000 determinations were made of arsenic in 
the urine of persons in the pilot plant and other 
plant areas. After destruction of organic matter, 
the arsenic was isolated by volatilization as 
arsine and determined by the molybdenum blue 
method. The results are reported as determined 
and were not corrected for specific gravity as 


4 | 
: 


226 June, 1958 


TABLE I the validity of this procedure has not been 
Urinary Arsenic Levels in Pilot Plant and Other established for the urinary excretion of arsenic. 
‘Plant Personnel During the Period Table I gives the results of the analysis of 
March 5 to June 16, 1957 756 specimens collected from 29 persons during 
: the period March 5 to June 16, 1957. This table 
| | Arsenic in Urine, does not include a number of results where it 
| Sat, was known that the person had eaten sea food, 
| Samples | 0.10 On the other hand, some values are included 
which were undoubtedly influenced by eating 
= sea food but before it was recognized that this 
B 28 0.02 to 0.11 | 0.06 79 might be a factor and hence no record was kept 
Cc 2 | 0.02 to 0.30} 0.10 64 of the diet. The results of these determinations 
D | 42 | 0.02 t0 0.24) 0.08 | 60 range from 0.02 to 2.0 mg/liter. The second 
highest value was 1.10 and the third highest 
G | 4s |0.02to1.10| 0.12 | 66 0.42 mg/liter. The average concentration for 
H | 38 |0.04t00.42| 0.09 | 84 all determinations was 0.08 mg/liter. The lowest 
I | 43 | 0.02 to 0.19) 0.07 | 84 average concentration for an individual was 
| bee | 0.05 and the highest 0.22 mg/liter, the second 
L | highest being 0.12 mg/liter. Seventy-nine per 
M | 40 |0.03t00.14| 0.08 | 78 cent of all the values were less than 0.10 mg/ 
a OR 0.02 to 0.29) 0.07 | 83 liter. These results indicate that in the absence 
of unusual amounts of arsenic in the diet or 

P 4 0.04 to 0.06 | 0.05 100 ; ‘ 
Q | 96 0.03 to 0.28 | 0.06 96 other exposure to arsenic that the urine level 
R z.. 0.04 to0.14| 0.07 | 92 in the majority of cases may be expected to be 

s | 23 0.04 to 0.13 | 0.07 87 less than 0.1 mg/liter. 

| A comparison was next made of the urinary 
U 22 0.02 to 0.10} 0.05 | 86 
Vv 17 +|0.04to0.12| 0.07 | 82 arsenic levels of groups of employees eating 
W 7 |0.04t00.15/ 0.09 | 43 various kinds of sea food and those not eating 
x ee 0.02 to 0.12) 0.06 | 94 sea food. The results of these determinations 
x | Fee ee are given in Table II. The sea food eaten in- 
Z | 10 0.02 to 0.25 | 0.07 90 . 
AA | 12 |0.02t00.09! 0.05 | 100 cluded clam chowder, halibut, lobster tail, 
BB | 7 | 0.04to0.09| 0.05 | 100 shrimp, salmon, scallops, crab meat and various 
CC 6 | 0.04t0 0.12) 0.08 | 67 types of fish. In every instance there was an 
Total a 0.02 to 2.00 | 0.08 79 increase in the urinary arsenic level after eating 


sea food. The average pre-test values in the 


TaBLeE II 


- A Comparison of Groups of Employees Eating Various Kinds of Sea Food 
and Those Not Eating Sea Food 


People Eating Sea Food People Not Eating Sea Food 


Conc. of Arsenic as As in Urine, Conc. of Arsenic as As in Urine, 
mg/liter mg/liter 
Sea Food 
| | Pre-Test Range Average No. Range Average 
5-17 3 | Clam chowder — 0. 41-0. 62 0.52 15 0.06-0.16 | 0.09 
5-24 3 | Halibut 0. 20-0. 38 0.29 20 ? -0.14 
5-28 2 Lobster tail - 1.20 & 1.50 1.35 | 18 ? -0.10 | <s 
6-7 1 Fish—lunch & dinner 0.06 0.70 | | 
6-21 4 Fish 0.05 0.11-0.14 0.13 | ll 0.02-0.07 | 0.05 
6-28 5 | Fish 0.04 0.12-0.26 0.22 ll 0.04-0.08 0.05 
7-5 7 Shrimp or fish 0.04 0.05-0. 16 0.12 8 0.04-0.05 | 0.04 
7-12 5 Lobster or salmon 0.07 0.08-0.25 | 0.13 10 0.04-0.07 | 0.05 
7-26 5 | Scallops or fish | 0.05 0.09-0. 26 | 0.17 | 9 0.04-0.06 | 0.05 
8-2 2 Fish 0.05 0.15-0.15 0.15 9 0.04-0.12 | 0.07 
8-9 7 | Crab meat or fish 0.05 0.05-0. 48 0.21 8 0.02-0.09 0.06 
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TaBLeE III 
Urinary Arsenic Levels After Eating Various Kinds of Sea Food 


Arsenic in Urine as As, mg/liter 


H.H.S.—Halibut L.S.—Filet of Sole 


B.S. Various Kinds of Sea Food 


Time | 


mg/liter | Time mg/liter Date Fish Time | mg/liter 
| | | | | 
Pre-test | 0.024 | Pretest | 0.12 | 9-16 | Pre-test | 0.016 
4 hrs. 0.080 | 3% hrs. 0.66 1:60pm | White fish | 4 hrs. 0.056 
10 hrs. 0.081 11 hrs. 0.78 6:00 pm | Salmon loaf 844 hrs. 0.058 
19 hrs. 0.064 18 hrs. 0.26 |} 917 | 
23 hrs. 0.050 | 24 hrs. 0.15 7:00am | Tunafish | 14 hrs. 0.060 
50 hrs. 0.036 | 49 hrs. | 0.14 12 Noon | Scallops | 22 hrs. } 0.21 
| 6:00pm | Halibut 28hrs. | 0.15 
| | 34hrs. | 0.39 
43 hrs. | 0.31 
| | 50 hrs. 0.11 


72 hrs. 0.11 


groups eating sea food range from 0.05 to 
0.09 mg/liter and the average after eating sea 
food range from 0.13 to 1.35 mg/liter. The two 
highest average values 1.35 and 0.52 mg/liter 
were observed after eating lobster tail and clam 
chowder respectively. The average values for 
the groups not eating sea food range 0.06 to 
0.09 mg/liter. The wide variety of foods eaten by 
the groups not eating sea food in conjunction 
with the data presented in Table I indicates 
that sea food is the main source of arsenic in 
the diet. 


Urinary Arsenic Levels in Persons Having No 
Plant Exposure 


Two additional experiments were conducted 
in which the urinary arsenic levels of three sub- 
jects who had no plant exposure were studied. 
The results of one experiment are given in 
Table III. It will be noted that after eating 
halibut there was a slight increase over pre- 
test values but the levels remained within the 
normal range. However, after eating filet of 
sole there was a marked increase of about six 
fold in the urinary arsenic level as compared 
to the pre-test value. The third subject, after 
eating various sea foods at consecutive meals, 
showed only slight changes in urinary arsenic 
after white fish, salmon loaf, and tuna fish. How- 
ever, a moderate increase was noted after eating 
scallops and halibut. In the other experiment 
the same three subjects ate lobster tail for 
lunch. Urine specimens collected four hours 
after lunch showed 1.68, 1.40 and 0.78 mg of 
arsenic per liter. (Pre-test results were 0.01, 
0.05 and 0.03 mg/liter respectively). Samples 


collected 10.5 hours after lunch showed a de- 
crease to 1.02 and 1.19 mg/liter in the first 
two subjects and an increase to 1.32 mg/liter 
in the third subject. After approximately 24 
hours the values were 0.39, 0.44 and 0.39 mg/ 
liter and at 48 hours, the values were approach- 
ing the normal range. Figure 1 shows graphically 
the results of this experiment. Not only are the 
high levels of arsenic of interest but also 
the rapidity with which it is excreted. It 
is interesting to note that Bang* in 1916 re- 
ported great daily variations in arsenic ex- 
cretion and found that the highest amounts 
were found after a fish diet (0.78 mg/liter). 


Urinary Arsenic Levels as an Index of Industrial 
Exposure 


The value of urinary arsenic determination 
as a measure of industrial exposure to arsenic 
is controversial owing to the fact that no 
definite relationship between urinary arsenic 
levels which may be considered normal and 
those which are indicative of poisoning has 
been established. 


Nn 


Arsenic in Urine os As,mg/! 


° 20 40 60 80 100 120 
Time, Hours, After Eating 


CONCENTRATION OF ARSENIC IN URINE FOLLOWING THE EATING OF LOBSTER 


Figure 1 
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Webster® reported the urinary arsenic level 
in 18 children having no known exposure to 
arsenic to range from 0 to 0.065 mg/liter with an 
average of 0.014 mg/liter; and for 26 adults 
with no known exposure the corresponding 
figures were 0 to 0.060 and 0.015 mg/liter re- 
spectively. Watrous and McCaughey® reported 
a range of 0.04 to 0.21 mg/liter with an average 
of 0.13 mg/liter in a random group of ap- 
plicants. Pinto and McGill’ analyzed 147 urine 
samples from 124 individuals working in in- 
dustry but having no known exposure to ar- 
senic. The results range from 0 to 2.06 mg/liter; 
the median value was 0.10 and the average 0.13 
mg/liter. Eighty-eight per cent of the samples 
had less than 0.2 mg/liter. 

These results in conjunction with the results 
given in this report indicate that in un-exposed 
persons one may expect the urinary arsenic 
level in the majority of persons to be less than 
0.1 mg/liter with a few values in excess of 0.20 
mg/liter unless there is some specific arsenic 
intake as for example in the diet. 

These results also demonstrate that high 
urinary arsenic levels may occur with no evi- 
dence or indications of any adverse affects. In 
the Queries and Minor Notes® it is stated: “In 
general, it appears tenable that any value of 
arsenic in urine to a peak near 0.7 milligrams 
per liter may be regarded as within normal 
limits although possible exceptions may be taken 
to this statement. Higher values, up to 3 mil- 
ligrams may be regarded as representing an 
intake of arsenic unusual and undesirable ex- 
cept in connection with arsenical therapy.” 
Pinto® stated “Even with urinary arsenic levels 
of 4 or 5 mg/liter we have seen only one doubt- 
ful case of systemic sickness.’ Elkins’ suggests 
a maximum allowable concentration of 1 mg/ 
liter of arsenic in the urine for exposure to ar- 
senic trioxide and 0.5 mg/liter for exposure to 
arsine. 

It is evident, therefore, that urinary arsenic 
values do not provide a reliable index to indus- 
trial exposure, as no definite relationship has 
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been shown between urinary arsenic levels and 
evidence of poisoning. On the other hand urinary 
arsenic levels in a group of exposed persons 
may serve to check the efficacy of control 
measures and indicate if excessive absorption of 
arsenic occurs. However, the occurrence of a 
high value in an individual is not evidence of 
industrial exposure. Such findings should be 
checked to ascertain if the excessive absorption 
is due to industrial exposure or to some outside 
source, particularly from sea food in the diet. 
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Dust Control in Handling Refractory Brick 


BERNARD D. TEBBENS, Sc.D., and MORGAN J. MORLEY, M.P.H. 


University of California, Berkeley 


N THE last dozen years, occasional reference 

has been made in the literature to real or 
potential exposure of silica brick workers to dust 
inhalation and subsequent pneumokoniosis. The 
evaluation of the problem has ranged from the 
finding of a mild hazard’ in furnace lining opera- 
tions to a fairly severe hazard* * in making re- 
fractory brick. Even where the potential seemed 
small, a program of dust control and periodic 
medical evaluation was recommended. 

Some of the dust problem from furnace lining 
has been partially solved by process control, i.e. 
use of special shapes of brick to replace brick 
cutting, or by use of ventilated saws when 
cutting was necessary."° The same industry 
which utilized these procedures suggested an ad- 
ditional desirable precaution for furnace lining 
work,’ namely that silica brick be surface-treated 
to bind loose particles to the surface or otherwise 
diminish the dust dissemination in handling and 
laying up furnace refractories. This was ac- 
complished on a plant scale by dipping full 
pallets of silica brick into a tank of aqueous 
binder solution. No restacking or special han- 
dling of the pallet was necessary. 

The agent of choice was an ammonium lignin 
sulfonate by-product of the paper industry.* 
This water soluble material was found to be not 
only feasible in use, but capable of eliminating 
visual evidence of dust dissemination when 
bricks were dipped into a solution containing one 
pound of the chemical per gallon of water, i.e. 
about twelve per cent concentration. The pres- 
ently reported experimental work was under- 
taken to evaluate further the dust dispersal from 
handling standard refractory silica brick, sur- 
face-treated with various dilutions of this ma- 
terial. The experiment was designed to deter- 
mine comparative amounts of air-borne dust of 
hygienic importance resulting from handling 
brick in a simulated series of furnace lining 
maneuvers, the brick being untreated, treated 
with water, and treated with ammonium lignin 
sulfonate dissolved in water at concentrations of 
0.25, 0.5, and 1.0 pound per gallon. 

The bricks used were regular duty 9-inch 
straight silica brick, packed 504 pieces in a 


*Orzan A from Crown Zellerbach Corp., Camas, Wash- 
ington. 


strapped pallet. These were received new, and 
for the experiment, only bricks from the interior 
of the pallet were used. The ammonium lignin 
sulfonate (Orzan A) was obtained from a dis- 
tributor, packed in fifty-pound bags. 
For each test, forty bricks were placed, ten at 
a time, in a wooden rack, six bricks on end, 
three on edge, and one on its flat side; dipped 
four to five seconds in a tank containing about 
37 gallons of the treating liquid; drained five 
minutes and placed in an air-circulating drying 
oven. Twenty bricks at a time were dried fifteen 
to sixteen hours at 120°-128°F. Figures 1 and 2 
show some of these procedures. Although drying 
the brick is not necessary in large scale practice, 
it was done to insure that variable quantities of 
moisture did not affect experimental results. 
Experimentally it was found that 4-5 seconds 
immersion gave about 2 inch penetration of 
solution into bricks as shown in Figure 3. Forty 
bricks absorbed about two gallons of liquid 
under these conditions. For the tests, the dried 
bricks were cooled to room temperature. 
The only variation from this procedure was 
in Run 1 when forty bricks were transported 
with minimum handling directly from the pallet 
to the test room. The five runs were as follows: 
Run 1—no brick treatment 
Run 2—1.0 pound chemical per gallon (about 
12% by weight) 

Run 3—Water treatment 

Run 4—0.5 pound chemical per gallon (about 
6% by weight) 

Run 5—0.25 pound chemical 
(about 3% by weight). 

The comparative test runs were made in a 
tightly closed and unventilated chamber of about 
three hundred cubic feet volume, its dimension 
being 6.5 x 5.0 x 9.1 feet. About one-third of the 
interior surface is glass, the rest being painted 
wood, plaster and asphalt tile. Before a test run 
the chamber was thoroughly vacuum cleaned 
and wet-dusted. As far as possible, all test runs 
were made in the same manner, the same op- 
erator repeating the same operations in each case 
to insure uniformity of technique. This practice 
extended to brick laying, dust sampling, dust 
counting, and subsequent size observation. 

After forty prepared bricks were stacked in 
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Ficure 1. Dip rack and tank 


Figure 2. Brick drying for experimental run 


the test chamber, temperature and moisture con- 
tent of the air were determined, the room venti- 
lation was blanked off completely, and the air 
sampling equipment was connected. During one 
hour the bricks were handled in a prescribed 
series of simulated dry wall laying-up operations 
illustrated in Figure 4. The simulated walls were 
laid on a wooden surface at table height. The 
standardized maneuvers were as follows: 


June, 1958 


Figure 3. Cross section through dipped brick 
(right and left) and untreated brick (center). 


Figure 4. Dust sampling station and section of 
one simulated wall from interior of dust room. 


. 9” wall; 
2. 9” wall; 


side 1 up, 5 forward* 
side 2 up, 5 forward 
3. 9” wall; side 3 up, 5 forward 
. 9” wall; side 4 up, 5 forward 
. 9” wall; side 1 up, 6 forward 
. 9” wall; side 2 up, 6 forward 
. 9” wall; side 3 up, 6 forward 
8. 9” wall; side 4 up, 6 forward 
. Random stacking 

1342” wall; random selection of sides 1 

and 2 up 


5 
5 
5 
6 


3 
4 
1 
2 
3 
4 


* Sides 1 and 2 are flat 9’’ x 44%”" 
Sides 3 and 4 are edges 9’’ x 244”" 
Sides 5 and 6 are ends 444”’ x 214” 
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TABLE 
Typical Test Protocol 
Test Run No. 3 Date 8/7/57 


3:00 p.m. w.b. 68.9°F. d.b. 74°F. 

3:13 Start maneuver #1 and samples 5a, 5b 
3:20 Start maneuver #2 

3:25 Start maneuver #3 

3:31 Start maneuver #4 

3:37 Start maneuver #5 

3:43 Stop samples 5a, 5b 

3:44 Start maneuver #6 and samples 6a, 6b 
3:49 Start maneuver #7 

3:50 Incipient fogging* 

3:54 Fogging definite* 

3:55 Start maneuver #8 

4:01 Start maneuver #9 

4:07 Start maneuver #10 

4:13 Complete maneuvers 

4:14 Stop samples 6a, 6b 

4:15 w.b. 75°F. d.b. 77.5°F. 

*In each run, condensation occurred on interior walls of 
test room after 40-45 minutes, indicating tightness of room. Satu- 
ration of room air did not occur in any test run. The only source 
of heat and moisture in the room was the brick manipulator, 
all lights, pumps, etc., being outside the room. 


Thus each brick received repeated handling; a 
total of 400 handlings occurred in an hour, a rate 
well above that likely to be practiced in furnace 
lining. A typical time protocol of a test run is 
shown in Table I. 

During these laying-up operations, duplicate 
midget impinger samples at a meter-controlled 
sampling rate of 0.1 cubic foot per minute were 
taken at a fixed head-height location in the test 
tom (Figure 4). The sampling position was 
within three feet of all bricklaying operations. 
A pair of samples was taken during the first 
30 minutes of a test run. At mid point of the 
test a second pair of samples was started and 
run for 30 minutes. At the end of a test run 
psychrometric readings were again made. 
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Impinger samples were evaluated by direct 
light-field microscopy using a 10X eyepiece with 
Whipple disk and 10X (16 mm) objective, 
(N.A. = 0.25). The counting cell was one milli- 
meter deep. When necessary, dilutions were 
counted rather than the original sample, with 
double distilled water used throughout for sam- 
pling and dilutions. All results are the average 
of five individual counts, each slide being ob- 
served after twenty minutes settling. The limit 
of resolution of the microscope system is about 
one micron, and only particles less than five 
microns were counted. Very few larger particles 
were observed. The dust counts and psychrom- 
etry are shown in Table II. 

After the impinger samples were counted, the 
solids from them were concentrated by cen- 
trifuging at about 800 G. for fifteen minutes. An 
aliquot of the combined concentrate of four 
impinger samples per test run was dispersed on 
a clean slide and the size of at least 250 par- 
ticles per run was observed microscopically with 
filar micrometer eyepiece and 44X (4 mm) ob- 
jective (N.A. = 0.65). 

Data from these measurements were analyzed 
graphically with the following results: 


Logarithmic 
mean-microns 


Standard 


un # Brick Treatment Deviation 


None 9 
1 pound/gal 

Water dip 

0.5 pound/gal 

0.25 pound/gal 


Discussion 


From Table II several points are evident con- 
cerning brick treatment with ammonium lignin 
sulfonate. Most notable is the significantly lower 
dust concentration when comparing the series of 


TABLE II 


Summary of Dust Concentrations and Psychrometry 


| Impinger Counts (M.P.P.C.F)* 


Psychrometry (deg. F) 


Brick Treatment 


Averages 


Before test After test 


Pair 


\18t Pair|24 Pair 


| 
| 
| 


None 
| 1.0 pound per gallon 
Water only 


| 0.5 pound per gallon 


| 0.25 pound per gallon 


* Million particles per cubic foot of air. 


| 


| 


R 
1 1.7 
2 1.9 
3 1.6 
4 1.6 
5 1.6 
‘ 
| 
| w.b. | d.b. RH% w.b. d.b. RH% 
1 31.4 | 23.1 | 30.5 hii 75.0 74 77.3 79.5 91 
29.6 | 21.2 ; 
2 2.5 4.1 3.3 68.0 71.7 83 73.0 75.2 90 
3 fer} aes 11.9 13.0 12.4 68.9 74.0 77 75.0 | 77.5 89 
| 12.0 12.8 | 
| { 2.9 | 3.8 2.9 4.0 3.5 | 63.0 77.0 46 78.0 79.8 93 
43 
5 3.8 | eT - 39 4.9 4.2 | 60.3 71.3 53 73.2 75.5 90 
3.1 | 4.6 
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operations with treated and with untreated 
bricks. The reduction resulting from treating 
the bricks with water is about 50%. An addi- 
tional 70% reduction results from the presence 
of 0.5 pound per gallon of ammonium lignin 
sulfonate in the water. The total reduction from 
untreated to treated bricks is therefore about 
85%. 

Possibly a better comparison for practical 
purposes would be that between the first pair 
of samples taken in each run, since this reflects 
the first few handlings of each brick, the con- 
dition most likely to be found in actual laying- 
up practice. Using these data, the total reduc- 
tion is about 90%. In either comparison the 
reduction of dust dissemination is very signifi- 
cant considering the highly silicious character 
of this type of refractory brick. 

It is of interest that run number one in which 
the bricks were untreated differed from all other 
runs in two consistent respects. The first run 
was the only one in which the first half hour of 
brick manipulation produced higher dust counts 
than the second half hour. At the same time, the 
mean particle size from this test was appreciably 
higher than from any other. A reasonable ex- 
planation of these facts is that some of the dust 
dispersed from untreated bricks is loose on their 
surface and is disseminated by handling. Such 
dust was visible when the pallet was broken 
open. While some of this loose dust may be re- 
moved by water dipping, a much larger pro- 
portional reduction results from the surface 
treatment of the bricks with ammonium lignin 
sulfonate. This treatment is presumed to be 
effective in dust reduction, not only by washing 
off loose dust but additionally by providing a 
light bonding which either prevents dust dis- 
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There was no critical concentration of the 
treating chemical discovered within the series 
studied. However it is notable that there was no 
significant improvement from the twelve per 
cent concentration compared with the six per 
cent concentration. The twelve per cent solu- 
tion that Cline and Bloom” described as being 
effective in actual furnace construction opera- 
tion can probably be halved without sacrificing 
the dust control benefits. 


Summary 
Silica brick treated with a solution of am-}| a 
monium lignin sulfonate to a penetration off | pl 
about one-half inch produced less air-borne dust} | N 
than untreated brick or than brick treated with] | cl 
water only. The reduction in dust concentration} | 
was of significant magnitude, being about eighty-| « 
five to ninety per cent when comparing the re-} | fl 
sults of optimum treatment with untreated} | 1 
brick and about seventy per cent when com-| | b 
paring results of optimum treatment with water-} | _ 
dipped brick. The optimum concentration was 
0.5 pound or more per gallon of water (about} Intro 
six per cent or more by weight). T 
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A Portable Multi-Range NO, Gas Monitor* 


F. E. ADLEY AND C. P. SKILLERN 


Industrial Hygiene Operation, Relations and Utilities Department 
General Electric Company, Richland, Washington 


— 


A portable monitor for recording con- 
centrations of NO» during environmental 
and stack sampling is described. The sam- 
ple flows concurrently with the reagent, 
N-1 naphthylethylenediamine  dihydro- 
chloride, through a beaded column. Di- | 
azotization of the reagent produces a 
colored solution which is measured by a 
flow-through colorimeter. Concentrations 
ranging from 0.5 ppm to 15,000 ppm can 
be measured. 


Introduction 


WO TYPES of samples that are normally 
employed for determination of the concen- 
tration of NO, are grab and integrated samples. 
These samples are usually adequate if taken in 
sufficient number to be representative, but they 
often fail to reveal with sufficient accuracy the 


| peaks and fluctuations in concentration. Also, 


during stack gas sampling, process operations 
frequently have to be followed continuously to 
demonstrate the desired correlation between 
emission rate of this gas and process variables. 

To provide the type of information discussed 
above, a prototype NO, monitor incorporating 
basic design features reported by Stanford Re- 
search Institute’ was constructed. Some of the 
design criteria were portability, a response time 
toan NO, cloud of less than one minute, ability 
torecord NO, concentrations from 0.1 ppm up to 
5000 ppm with provision for extending the 
range to 15,000 ppm, and ability to operate un- 
attended for one week. Because various oxides 
of nitrogen frequently occur together it was 
desired to be able to measure NO, and NO sepa- 
tately; however, provision was not incorporated 
to permit this differentiation at this time. 


Experimental Apparatus 


Desicn Layout 


The major components of the instrument, as 
shown in Figure 1, were a constant-head vessel 


*Work performed under Contract No. W-31-109-Eng-52 
between the Atomic Energy Commission and General Elec- 
tie Company. 
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for the reagent, a reaction column, a spectro- 
photometer, an A. C. amplifier and a recorder. 
The reagent flowed from the constant head ves- 
sel through a small screw clamp and rotameter 
into the reaction column as shown in Figure 1. 
The reagent flow rate into the column was main- 
tained within plus or minus three per cent at the 
lowest rate. The constant head vessel was 
equipped with a pressure equalizing system that 
makes it possible to sample from atmospheres 
having pressures fluctuating considerably above 
or below atmospheric pressure with no effect on 
reagent flow rates. 

The gas sampling rate of the apparatus can 
be varied from 5 to 400 cc/min. The air flow 
into the column was regulated by a needle valve 
and measured by a rotameter. When the monitor 
was used with dilution air, for elevated concen- 
trations, a combination of two rotameters was 
used, one for dilution and the other for sample. 

The dimensions of the column were critical 
and an optimum absorption time was achieved 
with a column diameter of 5.7 mm ID and a 
length of 6 inches. With a larger bore, the liquid 
did not give uniform wetting and tended to 
channel. Three millimeter glass beads were most 
satisfactory. 

The sample and reagent are brought together 
at the top of the column and flow concurrently 
over the beads. After the reaction, the color 
density is measured in a flow-through light ab- 
sorption cell (540 mu) and then the reagent is 
collected in the reagent waste container. Light 
that penetrates the developed reagent is detected 
on a phototube and the resulting current is am- 
plified and recorded. The light absorption cell 
was designed with minimum dimensions to per- 
mit the entire light beam to pass through the 
solution and to facilitate rapid flow of the rea- 
gent. It was found that a cell having a % inch 
inside diameter and a % inch overall length in- 
cluding sharply tapered ends was best suited for 
this particular instrument. Smaller sizes did 
not make full use of the light path whereas any 
larger size would not exhibit changes in con- 
centration with sufficient rapidity. A square 
corex (10 mm) cell with highly polished windows 
was tried and gave good sensitivity, but time 
lapse took approximately 30 minutes for the 
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Figure 1 


instrument to record an equilibrium point. The 
equilibrium point was reached at the time of 
maximum color development for the instruments 
system. This time was usually 5.7-7 minutes, 
depending on which reagent* was used. Fig- 
ures 2 and 3 show the time lapse for these two 


*See APPENDIX. 


reagents, and the instruments’ response times | 


to NO.. 


ELECTRONICS 


A Coleman Universal Spectrophotometer, 
Model 11, was modified to measure the light ab- 
sorption of the reagent. The resulting phototube 
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% of Total Color 
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Color Equilibrium Time 


\ 


% of Total Color 
o 


Minutes 


Figure 2 


Color Equilibrium Time 


% of Total Color 
o 


0.1 


Figure 3 


current of the spectrophotometer was fed into 
a Millivae Micro-Micro Amperemeter, Model 
BX, which amplified and helped stabilize the 
current recorded on an Esterline-Angus Re- 
corder, 0.0-1.0 milliampere. 

A voltage regulator was placed at the power 
source to maintain 110 volts to the apparatus. 
Any variation in the voltage to the exciter lamp 
markedly affected the light output. 


REAGENTS 


The two reagents used in the instrument are 
those reported by Saltzman® (reagent A*) and 
by Brodey and Jacobs* (reagent B*). These two 
reagents are useful for different applications of 
the monitor, the final selection being determined 
by the type of measurements desired. Reagent A 
is used in conditions where the concentration is 
relatively low and constant and a quick response 
to the gas is not needed. Reagent B is used for 
environmental sampling where a quick initial 
Tesponse is needed. 


Calibration of the Instrument 


PREPARATION oF Test ATMOSPHERES 


The calibrations were made from known con- 
centrations of NO, that were drawn from 10 
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or 46 liter carboys as shown in Figure 4. These 
carboys were evacuated to a few mm of Hg 
and the NO, was introduced by a syringe or from 
a weighed Pb(NO,). crystal which was decom- 
posed in a heated tube. In either case, the NO, 
was drawn into the carboy by releasing the vac- 
uum. When introduced from a syringe, the NO, 
was made from NO. This was done by foreing 
NO into a syringe from a compressed gas cyl- 
inder. Atmospheric O, was then added to the 
NO, which reacted to form NO, . NO, formed in 
this manner still had a small amount of NO 
present. All known concentrations of the NO, 
gas were verified by sampling with a syringe or 
an evacuated flask. The concentrations were de- 
termined by the phenol-disulphonie acid method* 
using evacuated flasks, and by reaction with 
reagent A or B by standard procedure for 
syringe samples. The standard procedure for 
the syringe method consisted of drawing a sam- 
ple and then allowing it to react with the rea- 
gent for a 20-minute period, followed by reading 
on a spectrophotometer. 

The air drawn from the carboys during ecali- 
bration tests was replaced by air which flowed 
into the plastic bag contained in the earboy, as 
seen in Figure 4. This technique prevented dilu- 
tion of the test atmosphere during sampling. 

During calibration of the instrument involv- 
ing a series of tests from the same source of 
known concentrations, the light transmission was 
observed to increase gradually. The concentra- 
tions of the chamber were checked before and 
after each calibration test was made, and found 
to decrease 5 per cent over a period of one hour. 
This was due to adsorption of NO, on the walls 
of the carboy and the plastie bag. 


Syringe 
Replacement Air Tube 


Feed and Sampling 
Port 


Carboy 


Plastic Bag 
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NO, Calibration 0 - 5000 ppm 
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NO2 Calibration 0 - 50 ppm 
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Figure 7 


NO2 Calibration 0 - 50 ppm 
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CALIBRATIONS WITH VARIOUS CONCENTRATIONS 


Selection of the reagent for calibration of the 
‘nstrument to NO, clouds was dependent pri- 
wnarily on the concentrations involved and the 
nececs2ryv rapidity of response. For these rea- 
sons the instrument was calibrated in three 
ranges of NO, concentrations; 0-50 ppm, 0-500 
ppm and 0-5000 ppm. Two techniques were used 
to attain the 0-500 and 0-5000 ranges for the 
monitor; first, by dilution (1:1) of reagent B 
with distilled H,O and, secondly, by supple- 
mental dilution (10:1) of the NO, sample with 


_clean air. Variation in the sampling rate would 


make higher determinations of about 15,000 
ppm possible. 

Figure 5 shows the results of the calibration 
of 0-500 ppm NO,.. For each point on the 
graph, the concentration of NO, was checked 
before and after the calibration sample was 
taken. The carboy was connected to the sampling 
port of the monitor and the instrument was run 
until the equilibrium point or maximum color 
development was reached. These points were 
plotted as a function of percent light trans- 
mission and concentration to give the calibra- 
tion. A lower limit of 10 ppm was measurable 
for this range. The flow rates for air sample and 
reagent were 57 cc/minute and 6 ml/minute. 

The calibration shown in Figure 6 was simi- 
lar to tests shown in Figure 5. The air in this 
test was diluted (1:10), and the instrument was 
calibrated between 0-5000 ppm NO.. 


Ficure 9 
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The results of the calibrations of 0-50 ppm 
range with Reagent A and Reagent B are seen 
in Figures 7 and 8. Reagent B was used for low 
(1-10 ppm) concentrations of NO, that per- 
sisted for less than one minute, whereas Rea- 
gent A was used for low concentrations that 
persisted for longer periods of time. The flow 
rates for air sample and reagent were 400 cc/min- 
ute and 1.5 ml/minute. 


Performance 


After completion of laboratory tests, the com- 
ponents were fitted into two carrying cases, as 
shown in Figure 9, to facilitate transportation 
of the monitor. In actual use, the monitor ex- 
hibited a background drift that was due to heat 
and degradation of the lamp. The A.C. ampli- 
fier was cooled by a 1 cfm air blower which 
eliminated most of the drift. Variations in line 
voltage were held constant by a Sola voltage 
transformer. These variations in the line volt- 
age were caused by the pumps on the same 
electrical line. The reagents were sensitive to the 
direct rays of the sun and needed to be shielded. 


Summary 


A prototype portable NO, monitor has been 
developed which has the following features. A 
lower limit of 0.5 ppm NO, can be detected. The 
response time of the instrument is less than 1 
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minute to a contaminated atmosphere. The max- 
imum level is approximately 15,000 ppm NO.. 
Sampling is possible at positive and negative 
pressures by a regulating system. The instru- 
ment can be operated for a period of one week 
with a minimum amount of attention. 
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Appendix 


Reagent A—140 ml of acetic acid 
5 grams of sulfanilic acid 
20 mls of 1% N -1 naphthylethyl- 
enediamine dihydrochloride 
diluted to 1 liter 
Reagent B—0.1 gram N-1 naphthylethylene- 
diamine dihydrochloride 
0.4 gram of sulfanilamide 
9.5 grams of tartaric acid 
diluted to 1 liter 


INDUSTRIAL HYGIENE PosITIONS 


HE EXECUTIVE Setretary of the American INpusTRIAL AssociA- 
TION maintains a list of positions in the field of industrial hygiene. Prospective 
employers and those seeking employment in industrial hygiene are encouraged to 
make use of this service. Inquiry should be directed to GEORGE CLAYTON, Execu- 


tive Secretary, AIHA. 14125 Prevost, Detroit 27, Michigan. 
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Gas Chromatography 


in Industrial Hygiene 


and Air Pollution Problems 


DAVID E. RUSHING, M.S. 


Occupational Health Program, Public Health Service, U.S. Department of 
Health, Education, and Welfare, Box, 2537, Fort Douglas Station, 
Salt Lake City, Utah 


Foreword 


ITHIN the last few years the technique of 
chromatography has grown very 
rapidly. Most recent publications on the sub- 
ject have been concerned with applications to 
analyses performed in the petroleum and fuel 
industries. That a technique in its infancy 
should be applicable to complex mixtures of 
hydrocarbons points up its remarkable power 
in analytical work. Little work has been pub- 
lished on trace analyses as the term is under- 
stood by workers in the fields of industrial 
hygiene and air pollution. One purpose of this 
paper is to examine the technique in the light of 
the special requirements of these two fields. 
Another purpose of the paper is to familiarize 
workers in these fields in a general way with 
the principles and apparatus used. For historical, 
constructional, and operational details the reader 
is referred to the bibliography. The review by 
Phillips’ is recommended for a comprehensive 
summary of information on the subject. 

Parts of this paper are largely speculative. 
There is considerable justification for this be- 
cause sufficient work has been done to serve 
as a basis for such conjecture and the funda- 
mental process is fairly well understood. Chem- 
ists often predict that two liquids can be sepa- 
rated by distillation even though there is no 
experimental evidence that such a separation is 
possible. The strong analogy beween distillation 
and the gas chromatographic method permits 
prediction with considerable confidence. The 
factor of reasonable predictability is one of the 
main assets of the method. 

For the sake of definiteness, the writer often 
has utilized examples from his own experience. 
In such instances, no experimental details have 
been given, since the paper is intended only to 
present the possible scope of gas chromatogra- 
phy. 


gas 


Presented at the A.I.H.A. 
April 25, 1957. 


meeting in St. Louis, Mo., 


Basic Principles and Apparatus 


The separations of gases and vapors which 
are obtained by a gas chromatography column 
are due to variations in the affinities of the gases 
for the material with which the column is 
packed. (Workers in the industrial hygiene 
field are familiar with this principle of varying 
affinity through their experience with sampling 
vapors by adsorption on silica gel or charcoal.) 

Suppose that a long small tube is packed 
with silica gel and that a (carrier) gas is passed 
through the tube at a constant rate. Eventually, 
the gases (O., N., ete.) which are normally 
adsorbed in silical gel will be purged by the 
carrier gas and a state of equilibrium between 
the gel and the carrier gas will be attained. Now 
suppose that a mixture of two vapors—benzene 
and pentane—is introduced into the gas stream 
at the inlet of the tube. Momentarily, both of 
these vapors will be completely adsorbed near 
the inlet of the tube. However, because of its 
lesser affinity for silica gel, the pentane will be 
desorbed more easily than the benzene and will 
be carried a little further by the carrier gas. 
This process of adsorption and desorption will 
be repeated many times in the tube and each 
time the pentane will move even further ahead 
of the benzene. If the tube is long enough, the 
two substances will be completely separated 
when they reach the exit of the tube. When a 
suitable detector and recorder system is at- 
tached at the exit, a peak corresponding to 
each substance will be observed on the recorder 
chart. (See Figure 2.) These peaks are fre- 
quently of the form 


y = ae", 


By increasing the column length the peaks can 
be separated even more. The same effect can be 
accomplished by using a more active column 
packing such as charcoal. Temperature, gas flow 
rate, and other factors also affect the sharpness 
of separations and peak shapes. 

In order to obtain consistent results, it is 
necessary to control the various operating pa- 
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rameters rather closely. Most of the equipment 
is designed to accomplish this control and its 
relative complexity is due chiefly to regulators 
of various types. 

The basic elements needed in a usable gas 
chromatography apparatus are shown sche- 
matically in Figure 1. The carrier gas, usually 
helium, flows through the column at a constant 
controlled rate. The sample of gas or vapor- 
jable liquid is introduced into the carrier gas 
near the inlet of the column. The exit gases 
from the column and the pure carrier gas are 
continuously compared by a detector, the out- 
put of which is fed into a suitable recorder. 
The column is made usually of “%4-inch copper, 
glass, or stainless steel coiled tubing and may be 
from one to a hundred feet long. The nature of 
the column packing will depend upon the sepa- 
rations which are desired. A constant tem- 
perature bath is provided for the column. 

The detector is ordinarily a differential ther- 
mal conductivity (T.C.) cell which forms a 
part of a Wheatstone bridge circuit. More 
specialized detectors have been used.** Some 
are more sensitive or more specific, but the T.C. 
type has proved most generally useful. The 
electrical output of the T.C. cell is measured by 
a recorder which should have a range in the 
order of a few millivolts. 

The sample can be introduced into the carrier 
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gas stream by means of a hypodermic syringe. 
More elaborate and accurate sample injection 
systems are available on commerical instruments 
or can be constructed? 

There are three important gas chromato- 
graphic techniques: (1) adsorption-elution chro- 
matography, (2) gas-liquid partition chromatog- 
raphy, and (3)  adsorption-displacement 
chromatography. The adsorption-elution tech- 
nique has been illustrated in the second para- 
graph of this section. 

If the column is packed with an inert support 
(e.g., ground firebrick) coated with a high- 
boiling liquid such as di-n-butyl phthalate or 
Silicone® oil, then one can use the technique of 
gas-liquid partition chromatography. The bases 
for the separations in this instance are the 
differing affinities of the sample components 
for the coating on the inert support. Such 
affinities are primarily functions of solubilities 
of the gases in the liquid coating. This type of 
chromatography is especially useful in solvent 
analysis. Peaks are usually sharper, better 
shaped, and better separated than with the 
adsorption-elution technique The gas-liquid 
partition method is perferred for general ap- 
plications. 

In adsorption-displacement chromatography 
the sample is adsorbed on the column and then 
is driven off by introducing a displacing vapor 
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Figure 1. Schematic Diagram of a Simple Gas Chromatography Apparatus 
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into the carrier gas. This displacer acts by 
virtue of its greater affinity for the adsorbent 
and by the mass action principle. The sample 
components are detected as they emerge from 
the column. This technique has been utilized 
extensively in gas and solvent analysis and ap- 
pears to the writer to hold great promise for 
the concentration of trace components.‘ Ob- 
viously, this method involves more parameters 
which must be controlled than do the other 
two methods. 

Adsorption-elution and liquid-partition meth- 
ods require exactly the same apparatus ex- 
cept that different column packings are used. 
The adsorption-displacement technique requires 
a means of introducing the displacer in the car- 
rier gas. This is most easily accomplished by 
bubbling the carrier gas through the liquid 
form of the displacer. The liquid is kept at con- 
stant temperature in order to secure a constant 
concentration. 

With any of the methods, it is apparent that 
all operating conditions must be controlled in 
order to obtain reproducible results. Under a 
given set of parameters, the time required for 
elution of a certain substance is a property of 
that substance. This is known as the elution 
or retentien time. It is almost independent of the 
amount present. The retention time multiplied 
by the gas flow rate gives the volume of carrier 


In MV. 


98°C. 
n-PENTANE 36°C. 


CARBON TETRACHLORIDE 
DICHLOROMETHANE 40°C. 
METHYL ACETATE 57°C. 


AIR (OFF SCALE) 


RECORDER DEFLECTION 


n-PROPYL ALCOHOL 
Iso-PENTANE 286°C. 
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Ficure 2. A Typical Gas-Liquid Partition Chro- 
matogram of an Easily Resolved Mixture. 
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gas required to drive the substance from the 
column. This is called the retention volume. It 
is useful when comparisons are made of the 
performances of similar columns operating with 
different flow rates and/or with different lengths. 
Compounds are identified by their retention 
times; the areas under the respective peaks are 
related to the quantities of the compounds. 

Sample sizes vary with circumstances but run 
around 0.05 te 25 ml for gases and 0.001 to 
0.25 ml for liquids. Naturally, the sample size 
will be determined partly by the sensitivity of 
the instrument. This in turn depends upon 
operating parameters and especially upon the 
carrier gas used. The nature, number, and rela- 
tive amounts of the components of a mixture 
have a bearing on the sample size. This is 
true of gases and liquids. Where only one or 
two foreign components are present and de- 
sired in air, a large sample (50-100 ml) some- 
times can be taken without prior concentra- 
tion of the contaminants.’ 

Figure 2 shows a typical well-resolved gas- 
liquid partition chromatogram obtained by the 
writer for illustrative purposes. The constituents 
were selected purposely for good separations. 
The sample was one milliliter of air which was 
taken from a bottle containing the liquid mix- 
ture. (The substance marked “iso-pentane” was 
present as an impurity in technical grade pen- 
tane and its identification is subject to some 
question. This instance illustrates the type of 
information which often can be obtained without 
additional effort.) The chromatogram indicates 
that the column packing has a relatively greater 
affinity for halogenated hydrocarbons than for 
alcohols and esters. It will be noted that the 
boiling point is not the only factor affecting 
elution time. However, with closely related com- 
pounds, it is generally the controlling factor. 
Obviously, gas chromatography is not a distil- 
lation process but it is analogous to distillation. 
It seems to the writer that the gas chromato- 
graphic process is the more general process. 


Early Applications in Industrial Hygiene 


Adsorption chromatography in a crude form 
can be traced back to the early part of the cen- 
tury.” Its principles have been applied for a 
number of years in atmospheric sampling. In 
his book, Elkins’ describes a method for sepa- 
rating certain halogenated hydrocarbons. This 
method is based on adsorption followed by aera- 
tion (elution) with controlled volumes of ait. 
According to the same source benzene and 
toluene can also be separated in a similar way. 
Peterson, Hoyle, and Schneider*® reported on & 
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he | like method in 1956. These techniques qualify 
It | as gas chromatography even though they were 
he | not called such by the writers. Both of these 
ith § groups of experimenters clearly recognized the 
hs. § principle of the constancy of the retention vol- 
ion § ume. Thus it will be seen that the principles 
are | have been quite familiar to industrial hygiene 
workers for some time. The concept of retention 
un § yolume is an exceedingly important one in at- 
to | mospheric sampling. 
size James and Martin® in 1952 originated gas- 
of | liquid partition chromatography which is per- 
pon | haps the greatest advance in the field. This 
the | technique permits one to operate at lower tem- 
ela- | peratures, to obtain better separations, and to 
ure | usea wider variety of column packings than was 
is previously feasible. These attributes permitted 
or § the extension of the process to include liquids 
de- | with relatively high boiling points. 
me- 
tra- | Present Applications 
The field is expanding at such a rapid pace 
zas- that it is difficult to state just what the present 
the F status is. A considerable amount of specialized 
ents work has been done." * In this section the 
Ons. § writer is limiting his discussion generally to 
Was § those things which have been done and which 
mIX- § could be repeated on commercially available 
Was equipment. 
pen- 
ome } APPLICATIONS OF THE THERMAL CONDUCTIVITY 
e of CELL 
hout | Differential detectors, particularly the thermal 
pates | conductivity type, should find more applications 
ater f in laboratory setups and in toxicological ex- 
1 fot } posure chambers than they have in the past. 
: the Within the last year or two considerable ad- 
eting | vances have been made in increasing the sensi- 
com- | tivity of these devices. Such cells can be used 
ctor. | to monitor gas streams continuously and could 
istil- be made to maintain essentially constant concen- 
tion. | trations of vapors in such setups. 
nato- 
APPLICATION TO SOLVENT ANALYSIS 
Solvent analysis is one of the most difficult 
problems with which the industrial hygiene 
form | chemist is faced. Such analyses are tedious and 
. cen- | the results are usually subject to considerable 
for a | question both qualitatively and quantitatively. 
g. In | The most obvious application of gas chroma- 
sepa- | ‘graphy to industrial hygiene is in this area. 
This } The analysis of a solvent is performed usually 
aera- | M order that the qualitative and quantitative 
f air. | determinations of workers’ exposures can be 
and | done. This is done in most cases by analyzing 
way. | the air for the most toxic substances present. 


Thus the solvent analysis itself is often only a 
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means to an end. Present gas chromatographic 
techniques do not have the sensitivity to deter- 
mine solvents in air at most threshold concen- 
trations. Nevertheless, the concentrated vapors 
of a solvent (from a stoppered bottle or from a 
tank) can be determined. Such an analysis often 
eliminates the necessity for the actual solvent 
analysis and provides more directly the informa- 
tion usually desired. 

It would appear that eventually direct air 
analysis will be possible and essentially all va- 
pors present will be determined in one sample. 
Furthermore, this will be done with less labor 
than is now required for the determination of 
one constituent by ordinary chemical methods. 

There is a sour note in solvent analysis. The 
number of possible compounds rapidly increases 
with increasing boiling point. This means that 
overlapping or superimposition of peaks will 
occur. Some preliminary separation (e.g., by 
fractional distillation) likely will be desirable, 
even if for no purpose other than to prevent 
fouling the column with high boiling substances. 
Solvents are more easily handled if all compo- 
nents have boiling points within a fairly re- 
stricted range. 


THE DETERMINATION OF Minor ConstTITUENTS 


Occasionally, one wishes to determine a minor 
or trace consituent in a pure compound or a 
mixture of compounds. For example, the writer’s 
first application of gas chromatography was to 
the determination of traces of benzene in paint 
thinners. If the major constituents give peaks 
which are well-separated from the trace peak, 
then the problem can be solved at least to the 
extent of establishing a maximum figure for the 
trace or minor component. 

The writer had occasion to check supposedly 
pure ortho-, meta- and para-xylene by gas chro- 
matography. Two isomers showed traces of lower 
aromatics while the third isomer showed all 
isomers and lower aromatics in relatively large 
amounts. 

This technique should help in the analysis of 
solvents for additives of various kinds. 


OrpiInAaRY Gas ANALYSIS 


Gas analyses such as are ordinarily done with 
an Orsat apparatus can be easily and quickly 
done with the presently available equipment.” * 
The accuracy compares favorably with the con- 
ventional methods for the major components 
and the minor components can be determined 
with greater accuracy unless a specially designed 
burette is used with the Orsat apparatus. Analy- 
ses of this type are very quickly done and no 
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attention is required after the sample is in- 
jected. An air analysis for oxygen and nitrogen 
ean be done in five to ten minutes if a suitable 
column is used.” 


Potential Applications 


The applications discussed in this section are 
those which are fairly obvious but which have 
not been reported in the literature at the time of 
this writing. Some of these processes have been 
carried out at high concentrations or under 
specialized conditions. The transition to required 
conditions should be possible, but will require 
considerable study in many of the cases cited. 


THE CoLUMN AS A SEPARATING DEVICE 


The really difficult problems of analytical 
chemistry usually lie in the field of separations. 
It is the extreme separating powers of the chro- 
matographie column which make the technique 
such a revolutionary one. There are many prob- 
lems in air analysis which require a means of 
separating gases or vapors from one another. 
Often a sensitive group reaction is available, 
but is useless because other members of the 
group are present and preclude its use. The 
difficulty may be that interfering members of 
another group are present. Since a compound is 
eluted at a given time, it can be separated from 
all compounds not having the same elution time. 
Even for compounds having similar elution 
times, the case is far from hopeless because often 
these compounds may be separated by passing 
them through a column with a different pack- 
ing.” 

The technique lends itself readily to the in- 
troduction of reacting columns or purification 
trains. As an illustration, consider the separation 
of alcohols, esters, and ketones from saturated 
aliphatic hydrocarbons. This separation can be 
accomplished easily by the insertion of a short 
column packed with sand, crushed glass, or other 
inert support coated with 95% sulfuric acid.” 
Likewise carbon dioxide, water, hydrogen sul- 
fide, ete. can be removed by conventional re- 
agents packed in short tubes. These additional 
columns will change the elution times somewhat 
and will have to be present when such elution 
times are determined. 

It should be pointed out that the sample size 
is quite small and that very sensitive analytical 
methods are needed to detect the separated sub- 
stances. Another approach is to increase the size 
of the column in order to accommodate a larger 
sample. Large-capacity columns are available 
and are used commercially to produce especially 
pure compounds.* 
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SEPARATION AND DETERMINATION OF Gropp 
MEMBERS WHEN PRESENT TOGETHER 


The word group is used here in the sense that 
its members share a common property which js 
also the basis for the determination of the mem- 
bers when present alone. This definition will be 
seen to cover rather dissimilar substances as 
well as many of the common organic groups such 
as aldehydes, alcohols, ketones, and the like. 

As an important example consider a mixture 
of aldehydes in air: formaldehyde, acetaldehyde, 
and acrolein. Any one of these, if present alone, 
could be determined by Schiff’s reagent. Sup- 
pose a fourth aldehyde was suspected to be pres- 
ent along with numerous other compounds; how 
could one definitely determine the three com- 
pounds and also detect the fourth, if present? 
Gas chromatography offers a simple solution. 
The fractions coming off at the appropriate times 
simply are separated and tested with Schiff’s 
reagent for the three known aldehydes. The re- 
mainder of the eluted compounds are combined 
and tested for aldehydes. A positive test would 
indicate that a fourth aldehyde was present. (It 
is assumed that Schiff’s test is sufficiently sensi- 
tive.) 

Again consider the compounds present or 
formed when halogenated hydrocarbons are 
burned. What are they and what are their rela- 
tive amounts? Many of the substances present 
contain chlorine and, therefore, a simple chlo- 
rine analysis would be of little value. Phosgene, 
hydrochloric acid, chlorine, and the halogenated 
hydrocarbon itself have been identified or sug- 
gested as being present. The analysis of such a 
mixture is quite difficult and dubious. Gas 
chromatography offers a possible simple solution 
to this problem and to, many others like it. . 
applying it, one is likely to find compounds not 
previously recognized as being present. 


Atrk ANALYSIS FOR TRACES OF CONTAMINANTS 


Under the usual conditions of operation 4 
commercially available apparatus had to be 
pushed to determine carbon dioxide in normal 
air (0.03% or 300 ppm) on a 25-ml sample with- 
out preliminary concentration.’ Under different 
operating conditions, carbon monoxide was eas- 
ily detected and determined in air when present 
to the extent of 800 ppm.* It was estimated that 
a concentration of 100 ppm could have been de- 
termined with certainty. Thus it appears that 
substances having threshold limits of 1,000 to 
100 ppm likely could be determined on a 25-ml 
air sample. Yet the range of 0.01 to 100 ppm is 
of interest to those interested in air pollution 
and industrial hygiene. 
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The problem then is to concentrate the con- 
taminant sought, to devise extremely sensitive 
detectors, or to do both. Certain detectors are 
gnsitive to a few ppm of certain substances, 
but have other serious drawbacks." *“ T.C. 
detectors have been made more sensitive, but 
it is doubtful that this type can be improved 
in sensitivity by a large factor. The more prom- 
ising approach appears to lie in the concentra- 
tim of the compounds sought. Conventional 
methods are (1) freeze-out techniques, (2) ad- 
sorption on silica gel or charcoal, (3) solution 
in a suitable inert solvent, (4) absorption in a 
chemically reacting solution, and (5) methods 
used for particulates when the substances have 
a very low vapor pressure.’ All of these could 
conceivably be worked into a gas chromato- 
graphic method, but method (2) appears to the 
writer to be by far the most promising because 
it is already gas chromatographic in nature. 

The problem fundamentally is this: one needs 
to transfer a sufficiently large sample of the con- 
taminants to the column within a period of time 
which is short relative to the elution times of 
the compounds sought and, at times, air needs 
to be removed. At the worst, one should be able 
to bring the sample onto the column in a re- 
producible way. 

There are two ways by which this might be 
done. The first of these is by applying properly 
controlled heat to a closed vessel containing the 
adsorbed sample on silica gel or charcoal. Af- 
ter thermal equilibrium is established, the de- 
sorbed gases can be flushed out and onto the 
column. 

The second method of transferring would 
make vse of the adsorption-displacement tech- 


+ nique. The apparatus would consist, in effect, of 


tvo columns. The usual analyzing column would 
be preceded by a sampling column containing 
the adsorbent. (The latter column might be used 
in the field as a sampling device or the adsorb- 
ent only might be transferred to the column in 
the laboratory.) In this method the contami- 
nants would be removed from the adsorbent by 
introducing a displacer (such as bromobenzene) 
into the carrier gas. A pilot detector would need 
to be inserted between the two columns in or- 
der to determine the “break through” of the 
displacer from the sampling adsorbent. The 
amalyzing technique could be by the gas-liquid 
partition or by adsorption-elution techniques. 
To the writer this procedure appears more prac- 
tial than the thermal one mentioned above. 
Such a process involves additional parameters 
thich must be controlled. 

The writer would like to point out that this 
litter technique has been used extensively as an 
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analyzing technique with relatively high concen- 
trations of compounds. Fortunately, going to 
lower concentrations does not affect the chro- 
matographic process noticeably and the pro- 
cedure should work. 

The determination of hydrocarbons in air by 
a gas chromatographic technique involving con- 
centration was announced by the Shell De- 
velopment Co.” A four-liter air sample was used 
and hydrocarbons were determined in the range 
of 0.02 to 1.5 ppm by weight. The hydrocarbons 
were trapped on a short gas chromatographic 
column immersed in liquid oxygen. They were 
removed by warming and were introduced into 
a conventional analyzing column. The method is 
analogous to the thermal desorption method 
outlined above. This work indicates that low 
concentrations of substances are determinable. 
However, not all substances would be expected 
to yield to the relatively simple technique em- 
ployed. The nature of the sample is exceedingly 
important in the selection of concentration 
methods and of column packings. 


APPLICATIONS TO SAMPLING TECHNIQUES 


There are numerous questions about sampling 
by adsorption which arise in practice and which 
previously have been answered in an empirical 
way if answered at all. The technique offers an 
easy method for analyzing for almost any vapor 
and thus makes detailed studies of sampling pro- 
cedures feasible. A more far-reaching contribu- 
tion is that the theoretical advances in the 
technique give a basis for organizing previously 
unconnected fragments of information and have 
enabled us to understand adsorption phenome- 
non better. 

For example, the concept of retention volume 
will enable one to predict the maximum air 
volume which can be sampled quantitatively 
with a given adsorbent under a particular set 
of circumstances. Heretofore, a careful worker 
reproduced the sampling conditions of the origi- 
nal investigator or checked his own apparatus 
for its efficiency. Along the same lines, the tech- 
nique will enable one to predict the relative 
affinities of various compounds for adsorbents. 
Of course, this will be done experimentally, but 
it is so easy to do that the information should 
be forthcoming. A new insight will also be pro- 
vided to the behavior of mixed vapors in ad- 
sorption phenomena. With more information of 
this type available, adsorption methods should 
enjoy a renewed popularity. 

It is evident now that all gases are theoretically 
adsorbed quantitatively on silica gel and char- 
coal. Any inefficient collection.in sampling air is 
due to desorption of the substance and elution 
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by the air sample itself. Thus, one can collect 
hydrogen on silica gel, but a very small air 
sample must be taken. In practice, this may 
amount to no adsorption. 

Evidently, sampling methods in general can 
be more easily studied because of the analyti- 
cal simplicity of the technique. 


APPLICATIONS TO BIOLOGICAL SAMPLES 


Many substances are present in biological 
samples to the extent that they could be de- 
termined by present equipment. However, suit- 
able methods of isolation would need to be 
employed. For example, benzene could be de- 
termined in urine by a distillation and extraction 
procedure if a suitable extractant (pentane) 
be used. Other volatile extractable compounds 
would not interfere unless they had essentially 
the same elution time as benzene. 

Many volatile metabolites of organic sub- 
stances should be determinable and identifiable 
by the technique. 


CHANGE OF GaAsEOUS PHASE 


There are a few cases in which it is desirable 
to change the gaseous environment in which a 
substance exists. For example, if a chemical 
test is sensitive tO oxygen, it is necessary to 
perform the test in an inert atmosphere. In 
most counting techniques, radon needs to be 
counted in an oxygen-free gas. Gas chromatog- 
raphy provides a means for easily accomplishing 
such changes in gaseous environment. 


Limitations 


The technique has some drawbacks. The first 
of these is its lack of sensitivity. This is partly 
because of the small sample which is used. 
(Sometimes this requirement is an advantage.) 

Because of the small sample size, very deli- 
cate chemical tests are needed for detecting 
eluted compounds. Chemists will undoubtedly 
be faced with this problem during the next few 
years. 

The technique measures a property which is 
not unique and thus it may be that other sub- 
stances are responsible for part or all of the 
observed effect. A great deal can be accomplished 
to overcome this by varying columns, operating 
parameters, and types of detectors. 

Reactions may take place in the concentra- 
tion of the sample, on the column, or in the de- 
tector. Decomposition in the detector does not 
necessarily bar the method. 


Equipment Requirements and Cost 


The two most important requirements on 
equipment for industrial hygiene work are its 
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sensitivity and its versatility. The latter can be 
judged rather easily from the manufacturers’ 
brochures but the information on sensitivity 
it often vague or difficult of translation in terms 
of the worker’s needs. An expression for de- 
tector sensitivity has been given” A constant 
temperature heating chamber is extremely de- 
sirable. Most models cost from $2500 to $3000 
complete with a recorder. 


Conclusions 


Some of the fundamental principles of gas 
chromatography have been utilized in the fields 
of industrial hygiene and air pollution for many 
years. In its present status, the technique and 
available equipment offer soiutions to difficult 
and time-consuming analytical problems such 
as solvent analysis and ordinary gas analysis. 
Generally speaking, commercially available 
equipment does not have the sensitivity re- 
quired for the direct analysis of air for trace 
constituents, but certain components present to 
the extent of about a hundred parts per million 
can be determined directly. The lower limit on 
sensitivity cannot be definitely stated because it 
depends upon too many factors including the 
type of sample. Some known methods for con- 
centrating samples have been discussed in rela- 
tion to the gas chromatographic technique. 

The technique, if applicable to a sample, yields 
accurate, quick, and reproducible results with 
the expenditure of very little labor and time. 

The theory and practice of gas chromatog- 
raphy should provide a large amount of informa- 
tion on sampling and analytical methods used 
in industrial hygiene and air pollution work. 

Many problems remain to be solved, but the 
field is extremely promising. 
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Upper Limits of Thermal Stress for Workmen 


EDWARD J. LARGENT,* A.B., and WILLIAM F. ASHE,* M.D. 


Introduction 


BSERVATIONS by Haldane” * were the 
earliest that described with reasonable ac- 
curacy the tolerable upper limits of thermal 
stress for workmen. The velocity of circulating 
air and the temperature of the wet-bulb ther- 
mometer were, according to Haldane, the factors 
of greatest importance to men working under 
severe heat stress. He concluded that the upper 
limits of thermal stress that could be tolerated 
safely by workmen were 88°F. wet-bulb in still 
air and 93°F. wet-bulb in circulating air having 
a linear velocity of 150 feet per minute. Sayers” 
concluded that the upper safe limit among 
miners was in the neighborhood of 90° to 93°F. 
wet-bulb temperature. In this connection dry- 
bulb/wet-bulb temperatures were not reported 
at the specific locations in which collapse of 
miners had occurred but it was stated that 
workmen experienced nausea and headache when 
the temperatures were in the range of 90°/90°F. 
(dry-bulb/wet-bulb) and 100°F. dry-bulb with 
89 per cent relative humidity. 
During the intervening years there have been 
a large number of investigations made under 
carefully controlled conditions of temperature 
and humidity and in which extensive observa- 
tions were made on human experimental sub- 
Much effort has been expended on measuring 
the effects of thermal stress on man in relation 
to (a) the degree of acclimatization, (b) rates 
of work and metabolic generation of heat, (c) 
type and amounts of clothing worn, (d) gain 
or loss of heat due to radiation and/or convec- 
tion, (e) cardiovascular responses, (f) rates of 
sweating and the chemical composition of per- 
spiration. Although much effort has also been 
made to relate loss in productivity to increasing 
thermal stress on workmen, the degree of suc- 
cess has not been consistent due to difficulties 
relating to interpretation of the variations in 
motivation of the persons being tested. Heat 
exhaustion or collapse remains the one physio- 
logical response or end point that can be pre- 
dicted reasonably well. Certain already pub- 
lished data can profitably be plotted together on 
graphs with a view to appraising certain sug- 
gested upper limits of thermal stress for man. 


* Ass’t. Professor and Chairman, respectively, Depart- 
ment of Preventive Medicine, Ohio State University Hospital, 
Columbus 10, Ohio. 


The Data 


At Ft. Knox, Kentucky, three curves were 
fitted to data obtained in relation to fully ac- 
climatized volunteers of the armed forces who 
were subjected to high levels of thermal 
stress.” “ In terms of increasing severity of the 
climatic conditions tested, these curves were 
labelled “RELATIVELY” EASY, DIFFICULT, and ImM- 
POSSIBLE, see Figure 1. Similar observations 
made in Europe” *, Africa’® and 
Asia” vielded data that corroborate 
fairly well the data obtained at Ft. Knox. 

Men were acclimatized experimentally by 
Weiner*™ * who exposed the men to dry-bulb 
temperatures in the range of 96° to 98°F. and 
wet-bulb temperatures in the range of 94° to 
95°F. In a group of 36 persons who were being 
acclimatized at these temperatures, 6 collapsed. 
These cases of collapse, if plotted on the ae- 
companying graphs, see Figures 1 and 2, would 
be located near the line labelled pirricutr. It 
may be noted here that among properly ac- 
climatized subjects at Ft. Knox, no cases of 
collapse were reported at similar levels of ther- 
mal stress. 

Particular reference is made to the data re- 
corded in Report No. 17 issued by the Ministry 
of Labour of the Government of India.” Fifteen 
volunteers from Indian textile mills were tested 
under conditions that duplicated as nearly as 
possible those used at Ft. Knox.* * The re- 
sponses of acclimatizéd Indian workmen to 
thermal stress were very nearly identical to the 
responses of the acclimatized American soldiers 
who volunteered as subjects at Ft. Knox. How- 
ever, these Indian workmen were observed un- 
der experimental conditions rather than under 
the usual conditions of their work and had been 
carefully acclimatized prior to the tests. It 
would be desirable to compare the data obtained 
elsewhere on men at work at their normal em- 
ployment, with the data obtained under con- 
trolled laboratory conditions. There are, how- 
ever, very few observations reported from 
industry that include, for example, data on dry- 
bulb and wet-bulb temperatures along with a 
description of the physiologic effects on workers. 
In connection with his analysis of 244 cases of 
collapse among miners in the Kolar Gold Fields 
of Mysore State in India, Caplan® recorded 
dry-bulb and wet-bulb temperatures which were 
measured in the underground areas where these 
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WET- BULB TEMPERATURE, 


ORY- BULB TEMPERATURE 


Ficure 1. Upper limits of thermal stress observed among human experimental subjects compared 
with reported mild cases of heat-induced collapse among miners (Caplan). (Numbers indicate multiple 


cases at indicated conditions.) 


men worked. These data have been plotted on 
graphs, see Figures 1 and 2, and, to serve as a 
basis for comparison, the curves representing 
data obtained at Ft. Knox have been inscribed 
on these same graphs. 

All of the 194 cases classified by Caplan as 
mild had almost completely recovered when 
admitted to the hospital.* Histories revealed 
the occurrence of fatigue, giddiness, nausea and, 
less frequently, vomiting, cramps and loss of 
consciousness; the latter persisted no more than 
10 minutes whenever it occurred. Also observed 
were hypotension, diminished pulse pressure, 
bradyeardia and mild dehydration. Mild cases 
were kept in bed 12 to 36 hours and put on a 
fluid diet. When plotted in Figure 1 according 
to the dry-bulb/wet-bulb temperatures pre- 
vailing at the points in the mines where these 
eases occurred, most of the cases are located 
above the “Ft. Knox” line that is labelled “RrEeLa- 
TIVELY” EASY. However, 63 cases are located 
below this line. In this connection it is interest- 
ing to note that Caplan reported that 65 among 
the group of 194 mild cases were suffering from 
afebrile illness. These 65 cases are not identi- 
fied so they need not be the ones that are shown 
below the line labelled “RELATIVELY” Easy, but 
febrile illness of some of these persons could 
provide a clue as to why they collapsed under 
conditions of thermal stress that were not es- 
severe. 

Caplan describes the moderate and severe 


cases, of which there were 50, as presenting a 
clinical picture resembling surgical shock* The 
least severe of these cases represented a transi- 
tion stage between mild and moderate. The cri- 
teria for severe cases were (a) a state of com- 
plete unconsciousness and (b) the absence of a 
palpable pulse at the wrist. For both moderate 
and severe cases the prodromal symptoms in- 
cluded fatigue, asthenia, giddiness and nausea 
always followed by vomiting, cramps and un- 
consciousness. The skin was cold and clammy, 
the temperature was subnormal (95° to 96°F.). 
The patients exhibited all the signs of shock 


T 

| © = Moderate Cases of Heat Collapse 

| ** Severe Cases of Heat Collopse 

| = Fatalities (unacclimotized workmen) 


WET=BULB TEMPERATURE, °F 


ORY- BULB TEMPERATURE | °F 


Ficure 2, Upper limits of thermal stress observed among 
human experimental subjects compared with reported cases 
of moderate and severe heat-induced collapse (Caplan) and 
heat-induced fatalities among miners. 
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and all were treated on the general principles for 
shock. Fluids, including salt water (one teaspoon 
NaCl to one pint water), were administered ex- 
tensively, orally to all conscious patients, aug- 
mented with rectal administration if vomiting 
persisted, and administered intravenously to all 
comatose or pulseless patients. Plotted in Figure 
2 in terms of the dry-bulb/wet-bulb tempera- 
tures that prevailed in the work areas where 
these men collapsed, it can be seen that 34 cases 
are located at or near the “Ft. Knox” line la- 
belled rmpossiBLE. The one “severe” case in 
Figure 2 that is located below the line labelled 
“RELATIVELY EASY may represent a person 
found by Caplan to have been febrile because 
of illness unrelated to the thermal stress in the 
mines. Two of the severe cases were found to 
be suffering from upper respiratory infections 
and four of these severe cases had lost acclima- 
tization due to an absence of several days away 
from their work. 

In Figure 2, one fatality reported by 
Dreosti** * and four fatalities reported by Mav- 
rogordato and Pirow™ have been designated by 
the letter F, located on the graph at the points 
representing the dry-bulb/wet-bulb tempera- 
tures that were observed where the fatal expo- 
sures to heat occurred. These persons had not 
been properly acclimatized for work in the hot 
areas where they collapsed. In connection with 
one fatality Dreosti reported the incident as 
being related to unauthorized transfer of this 
workman to a particularly hot area of the mine. 

In connection with the average dry-bulb/wet- 
bulb temperatures reported outside the steel mill 
where Collings and coworkers’ observed 491 
“heat cases” (mostly heat exhaustion), their 
data have not been plotted on these graphs be- 
cause the temperatures in the areas where the 
men worked were not reported. However, 30 of 
the cases occurred at a time when the outside 
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Ficure 3. A comparison of several suggested upper limits 
of thermal stress for man. 
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temperatures were just below the line of tem- 
peratures labelled “RELATIVELY” Easy, see Fig- 
ure 1. However, it seems reasonable to assume 
that the conditions inside the mill were a little 
if not a great deal more severe than was indj- 
cated that particular day by the prevailing 
temperatures outside, 99°F. with 80 per cent 
relatively humidity. 


Discussion 


One part of Report No. 17 is devoted to de- 
veloping a recommended upper limit of thermal 
stress that may be safely tolerated by work- 
men.” This recommended level, shown in Fig- 
ure 3, was defined by the dry-bulb/wet-bulb 
temperatures 85°/85°F. and 110°/82°F. Since 
the principle application of this upper limit was 
likely to be made in Indian textile mills, no dry- 
bulb temperatures above 110°F. were included 
because it was believed that it was both desirable 
and feasible to keep temperatures below but 
certainly no higher than 110°F. 

The exact slope of the line that can be ac- 
cepted as properly representing the safe upper 
limit of thermal stress for man has not been 
discovered. The line chosen by Haldane” 
would be the line of the wet-bulb at 92°F., see 
Figure 3. At those high levels that are likely to 
produce collapse, the wet-bulb temperature is 
very important and may well be all important. 
At lower temperatures, however, the dry-bulb 
temperature assumes progressively more im- 
portance. In an analysis of many factors con- 
cerned with the effects of thermal stress on man, 
Lee* has devised a formula that (a) gives for 
high temperatures, the most consideration to 
wet-bulb temperatures (in the neighborhood of 
95°F.) and (b) for cool conditions, the most 
consideration to dry-bulb temperatures (in the 
neighborhood of 50°F.). His formula gives a 
progressive change in emphasis to dry-bulb and 
wet-bulb temperatures for points between 50°F. 
and 95°F. and on a psychrometric chart the 
slopes of lines representing thermal strain have, 
therefore, a progressive change in slope. At a 
wet-bulb temperature of 95°F. a line proposed 
by Lee is stated to be associated with severe 
thermal strain which produces distress and/or 
collapse very quickly among non-dcclimatized 
persons and to this line he assigns the number 
100. This line is just above and parallel to the 
line suggested by Haldane. Another line desig- 
nated by Lee by the number 40, see Figure 3, 
represents the temperatures that will cause 
“distress in 2 hours, failure in 5 hours”. Its slope 
is slightly away from the adjacent wet-bulb 
lines and toward the dry-bulb lines. Another 
line designated by Lee as number 30 corresponds 


| 
( 
| 
95, PEE NO. 100 
¥ 
90, 
A. 
| | | 
= 
80 65 90 95 100 105 no us 120 125 130 


Industrial Hygiene Journal 


fairly well with the upper limit of thermal stress 
suggested in Report No. 17, except that it gives 
a little more emphasis to the dry-bulb tempera- 
ture and a little less emphasis to the wet-bulb 
temperature. Lee defines this level of thermal 
strain as that at which deterioration in mental 
performance begins. Still another line, number 
18 shown in Figure 3, represents the upper limit 
of thermal strain recommended by Lee for daily 
work.” 

An upper limit of thermal stress may be 
properly based on the responses to heat among 
unacclimatized persons if these persons are to 
live and work in the temperate zones of the 
world. Thermal stress in thosé areas usually 
occurs only at infrequent intervals of time which 
are more-or-less unpredictable and are depend- 
ent upon prevailing climatic conditions. For 
those conditions the upper limits of thermal 
stress suggested by Belding and Hatch® and by 
Lee" may be entirely appropriate for workmen. 

In other circumstances where acclimatization 
is urgently necessary either because of climatic 
conditions or by the nature of certain industrial 
processes, or both, the upper limit of thermal 
stress for workmen may properly be somewhat 
higher as indicated in Report No. 17,” see 
Figure 3. This limit is below the levels at which 
all of the cases of moderate and severe heat 
collapse have been reported and below the levels 
at which nearly all reported cases of mild heat 
collapse occurred. In fact, for persons in good 
health who have physiologically young circu- 
latory systems and who are fully acclimatized 
the limit might be safely set as high as the 
line designated in the accompanying figures as 
“RELATIVELY” EASY. The line representing a 
lower level of thermal stress was chosen for 
the upper safe limit for workmen, however, 
because it was apparent that among persons 
suffering form temporary illness such as the 
common cold, from general ill health or mal- 
nutrition, and/or from chronic diseases, collapse 
may be induced by levels of thermal stress 
somewhat less severe than the “RELATIVELY” 
EASY level. It cannot be stressed too frequently, 
however, that acclimatization must be given 
careful attention and efforts must be made to 
regain it after acclimatization has been lost. 
In Africa*’ and in India® it has been 
quite apparent that acclimatization is, to some 
extent, lost whenever workmen are absent from 
work for a few days or a few weeks during 
which they experience only temperatures that 
are below those at which they are required to 
work. When they returned to be subjected 
again to elevated levels of thermal stress, re- 
acclimatization was exceedingly important. 
The fact that Moss** reported that only 
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heat cramps had been observed in connection 
with the range of dry-bulb/wet-bulb tempera- 
tures, 98°-102°F./85°-87°F., appears to give 
additional corroboration to the upper limit 
suggested here. If plotted on a psychrometric 
chart the zone of thermal stress referred to by 
Moss would be located below the “RELATIVELY” 
EASY line but above the line suggested in Re- 
port No. 17 as the upper safe limit for work- 
men.” 

In the reports of a number of experimental 
and carefully controlled investigations there 
have been several suggestions for upper limits 
of thermal stress. Plotted as lines on a psy- 
chrometric chart these several limits would not 
coincide exactly. However, the amounts of cloth- 
ing worn during the investigations varied from 
one investigation to another as did the amounts 
of work performed, the velocity of air move- 
ment, etc. When these variables are taken into 
consideration it seems likely that these results 
are all in fairly good agreement. Application 
of the formula of Lee to the several groups of 
data may clarify some of the seeming dif- 
ferences. It would be well to point out here 
the fact that a minimum of clothing was worn 
by the subjects in the investigations at Ft. 
Knox and at Ahmedabad, India. Also, very 
scant attire was worn by the workmen in the 
mines at Mysore and the mines in South Africa. 
These particular groups of data are sufficiently 
comparable to warrant a fair degree of con- 
fidence in setting the safe upper limit of thermal 
stress for these workmen. 

For the purpose of this discussion, the prob- 
lem of radiant heat from very hot surfaces 
in industry has been intentionally omitted. This 
topic merits a separate discussion at some later 
time when more in-plant data and experimen- 
tal observations become available. Haines and 
Hatch” have been making extensive observa- 
tions on this phase of the problem. At this 
time it is safe to say that exposures to high 
levels of radiant heat will push down the safe 
upper limits of ambient air temperatures un- 
less workmen are adequately shielded from the 
sources of radiant heat. 


Summary 


There is a relatively large body of informa- 
tion relating to experimental investigations 
that describe the physiologic responses of man 
to severe thermal stress. However, collapse is 
the one response or endpoint that can be 
most consistently predicted for persons in good 
health. The dry-bulb/wet-bulb temperatures re- 
lated to this response have been well established 
with human experimental subjects. 

Far less information is available which de- 
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scribes in a similar way the occupational ex- 
posures to thermal stress. The data for which 
related dry-bulb and wet-bulb temperatures 
have been reported, have been compared on 
graphs on which certain experimental data had 
also been plotted. These data give sufficiently 
good agreement to permit the selection of an 
upper safe limit of thermal stress for workmen. 

A line described by the dry-bulb/wet-bulb 
temperatures, 85°F./85°F. and 110°F./82°F., 
had been suggested as the upper safe limit of 
thermal stress for acclimatized workmen in In- 
dian textile mills. The location of that line on 
a psychrometric chart appears to have been a 
reasonably good choice and gives a relatively 
wide margin of safety which will help avoid 
heat casualties among acclimatized workmen 
who become ill for reasons other than exposure 
to heat. 

A somewhat lower limit may be desirable for 
unacclimatized workmen. 

This analysis of data was made in part in 
connection with preparation of the subject 
matter of Report No: 17 which describes in- 
vestigations that were conducted by Mr. N. 8. 
Mankiker, Chief Adviser Factories of the Indian 
Ministry of Labour and Employment in col- 
laboration with the Technical Cooperation Mis- 
sion to India, a part of the Foreign Aid Program 
of the United States of America. 
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Determination of Ozone in Air by Neutral and 


Alkaline Iodide Procedures* 


D. H. BYERS and B. E. SALTZMAN 


U.S. Department of Health, Education, and Welfare 
Public Health Service, Occupational Health Program 
1014 Broadway, Cincinnati 2, Ohio 


The determination of concentrations of ozone 
in air in the range of a few parts per million has 
become an increasingly important problem as a 
result of current toxicological and air pollution 
studies. Toxic concentrations of ozone may be 
encountered in high altitude flights, as well as 
in some rocket work and in inert gas shielded arc 
welding. Ozone also appears to play a key role 
in certain types of smog! forming processes, as 
well as in the generation of eye irritants and 
plant-damaging substances. Although a great 
many methods for ozone determinations have 
been employed over a period of years*: 1°, the 
uncertain stoichiometry and the lack of specificity 
continue to be serious problems. The iodide 
chemical methods appeared to be among the 
most promising, and were therefore selected for 
investigation. 

Many workers have used iodimetric methods 
for the determination of concentrations of 
ozone in the range of several per cent by volume 
and higher. They have investigated the stoichio- 
metry by comparison of the amounts of iodine 
liberated with the amounts of ozone determined 
by physical measurements of gas density or 
pressure change. Thus Lechner® found that 
both neutral and alkaline (0.2 N KOH) potassium 
iodide (0.2 M) absorbed ozone efficiently and 
yielded the same amount of iodine, equivalent 
to one oxygen atom in the ozone molecule. This 
stoichiometry was confirmed by Boelter et al. 
for 4 to 20% ozone by weight absorbed in 0.2 M 
potassium iodide buffered to various pH values 
from 2.3 to 12.3. In another recent study by 
Birdsall et al.!, similar results were obtained for 
1 to 25 mole-per cent ozone (1.7 to 41 wt.%) 
absorbed in 2% unbuffered potassium iodide, 
but high results were obtained with boric acid 
buffered solutions. The discrepancy between 
Birdsall’s findings and those of Boelter was 
explained by the difference in sampling equip- 
ment: Boelter obtained good results with acid 
solutions because he used an absorption bulb 


*Preprinted from Advances in Chemistry Series, No. 21. 
Copyright 1958 by the American Chemical Society and pre- 
printed by permission of the copyright owner. 
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in which the surface reactions could cause local 
alkalinity at the point at which ozone was 
absorbed. Birdsall used a bubbler in which ab- 
sorption proceeded at the acid pH of the bulk of 
the solution. Although there are also contrary 
reports in the literature, the use of both neutral 
and alkaline iodide solutions for high concentra- 
tion ozone analysis seems to be established. 
Similar procedures have been applied to the 
determination of low concentrations of ozone in 
the parts per million range. Renzetti and Ro- 
manovsky® reported that, when sampling Los 
Angeles air, the neutral method gives apparently 
low results (perhaps due to reducing pollutants) 
in the early and late hours of the day, and high 
results (perhaps due to other oxidizing pollutants) 
during the peak smog time of day, both as com- 
pared to ultraviolet spectrophotometric deter- 
minations of ozone. Smith and Diamond® 
recommended a reagent consisting of 1% potas- 
sium iodide in 1 N sodium hydroxide, acidified 
after sampling with 14-volume of 36% phosphoric 
acid to release the iodine for spectrophotometric 
estimation. This was modified by Byers, Saltz- 
man, and Hyslop’, who found that the inter- 
ference from nitrogen dioxide could be greatly 
reduced, and the colors stabilized, if the phos- 
phoric acid were saturated with sulfamic acid, 
which destroys nitrite. The specificity of the 
iodide reaction was investigated by Effenberger', 
who used 0.01 N potassium iodide buffered to 
various pH values. The amounts of iodine 
liberated by ozone varied from 90% at pH 9 to 
113% at pH 1 as compared to that at pH 7. 
For nitrogen dioxide the variation in amounts of 
iodine released was much greater, the corres- 
ponding figures being 70% and 340%. Thus the 
two could be distinguished by simultaneous 
analyses at two different pH values. The 1% 
potassium iodide in 1N _ sodium hydroxide 
reagent was thought to be more nearly specific 
than the neutral reagents in the presence of 
oxidized hexene by Saltzman’, who also reported 
62 to 70% stoichiometry for 3 to 27 ppm (v/v) 
ozone (as compared to the iodine released in a 
neutral reagent). The validity of the application 
of neutral and alkaline iodide reagents to the 
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determination of low concentrations of ozone 
was therefore investigated. 

The preparation of known low concentrations 
of ozone has always been a major difficulty in 
this type of investigation. A flow system was 
set up in which a stream of ozone from a dielectric 
type ozonizer could be diluted with air purified 
by scrubbing with dichromate in concentrated 
sulfurie acid. followed by calcium chloride and 
silica gel. Flows were measured with rotometers 
and could be adjusted to give known dilution 
ratios. The reagents were used for wide ranges of 
undiluted and diluted ozone concentrations, and 
samples of widely varying size were collected. 
The assumption was made that the high con- 
centration analyses were likely to be correct, and 
the deviations resulting from varying the sample 
sizes and from the dilution were studied. 


Ozone Procedures 


REAGENTs: 


Three reagents were tested extensively: 
Reagent I, 20% potassium iodide in 0.1M 
KH.PO.-0.1 MNasHPO,; reagent II, 1% 
potassium iodide in the same neutral phosphate 
buffer medium; and reagent III, 1% potassium 
iodide in 1 N sodium hydroxide, acidified after 
sampling with 14-volume of 36% phosphoric acid 
saturated with sulfamic acid. Reagent I was 
prepared fresh and used within several hours. 
Reagents II and III were allowed to stand for 
several days before being used. This stabilized 
the blank. With each of the three reagents it was 
necessary to determine the reagent blank and to 
deduct it from all standardizations and deter- 
minations. Only the highest grade analytical 
reagents were used. Reagent I is commonly used 
in oxidant recorders®, but was found too unstable 
and photosensitive for the usual manual proce- 
dures. Reagent II was found to yield almost as 
much iodine as reagent I with much superior 
stability. Reagent III proved the most suitable 
for field studies where hours or days might elapse 
between collecting and analyzing the samples. 


SAMPLING: 


Samples were collected in 10 ml of reagent in 
midget impingers using air-flow rates of 1 to 3 
liters per minute. Other simple bubblers may be 
used; however, the midget impinger is convenient 
and effective. Sampling of high concentrations 
by means of evacuated flasks was tried and found 
to be unsuitable. 


MEASUREMENTS: 


Iodine liberated by the ozone was measured 
photometrically or titrimetrically. The iodine 
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absorbancy at 352 millimicrons wavelength wag 
measured by a Beckman DU Spectrophotometer, 
Test tubes of 2-centimeter light path and matched 
to 0.5% transmission were used in a special 
holder. Distilled water was used in the reference 
tube. 

Titrations were made with 0.005 N sodium 
thiosulfate in a semi-micro buret and using a 
visual endpoint with starch indicator. 


ReaGents I anp II, PRocEDURES AND Sranp- 
ARDIZATION: 


After collection, the samples were transferred 
immediately to photometer tubes and _ the 
absorbancies determined. 

Standard graphs of absorbancy vs. iodine (or 
ozone) were plotted from readings from a series 
of prepared standards. Standard 0.0100 N 
iodine solution was freshly diluted with reagent 
solution to various strengths from zero to 0.00004 
N (5.08 micrograms I; per ml) and the absorb- 
ancies determined. The ozone equivalent was 
calculated on the basis of O; = I; (1 ml 0.01 V 
I, = 240 micrograms Q3). 


ReaGent III, ProcepuRE aNnp STANDARDIZA- 
TION: 


The phosphoric acid reagent for use with the 
alkaline reagent was prepared as follows: Several 
grams of reagent quality sulfamic acid were 
dissolved in 150 ml warm distilled water, then 
126 ml of 90% HsPO, were added and the 
mixture was made to 300 ml volume with distilled 
water. After cooling, the precipitated sulfamic 
acid was removed by decantation (or centrifuga- 
tion) and saved for preparation of future batches 
of reagent. 

Samples in 10 ml of the alkaline iodide reagent 
were rapidly acidified and mixed with 2.0 ml of 
phosphoric acid reagent. The mixture (in a 
stoppered container) was cooled to room tempera- 
ture in a water bath, and the absorbancy deter- 
mined 5 to 10 minutes after acidification. 

A strong stock solution of potassium iodate 


(0.2973 gram per liter) was diluted 1:10 witl/ 


distilled water to give a dilute standard of which 
1 ml was equivalent to 105.8 micrograms }. 
Aliquots of 0.1 to 0.5 ml of this dilute standard 
were diluted to 10 ml with reagent III, acidified 
and the absorbancies read. Calculations were 
originally made on the basis of 3 O; = KIO; (iml 
dilute stock KIO; = 20 micrograms Q;). Our 
work, as will be discussed, showed the need fora 
correction factor of 1.54 which would make | 
ml dilute stock KIO; = 30.8 micrograms 03. 


CALCULATIONS: 
The following relationship may be used rather 
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than graphs for calculation of ozone concentra- 
tions: 


A 
ppm O; = K v 
Where A is the absorbancy corrected for the 
blank, V is the volume in liters of air sampled 
(corrected to 25°C and 760 mm-Hg), and K is 
the standardization factor. For our two cen- 
timeter tubes we found K to be 4.61 for reagent 
I, 4.88 for reagent II, and 9.13 for reagent III. 
The last figure is higher because it incorpo- 
rates the correction factor previously mentioned 
and because the corresponding absorbancies are 
lowered by the dilution of the sample to 12 ml 
by the acidification. 


Effects of Sample Size 


The undiluted ozone concentrations ranged 
from 300 to 5000 ppm, depending upon the flow 
rate and oxygen content of the gas passing 
through the ozonator, and the voltage applied. 
The photometric determination of these levels 
using reagents I and III had previously’ been 
found unsatisfactory because of the extreme 
dilutions required to permit readings in the 
photometer and of a non-linear relationship 
between the amounts of iodine and sample sizes 
as shown in Figures 1 and 2. These figures give 
the data obtained by simultaneously sampling 
with calibrated evacuated bottles of various 
sizes, containing these reagents. The amounts 
of iodine were estimated photometrically, and 
some of the higher amounts were checked by 
titration. The plots show the total absorbance 
(the measured absorbance, corrected for the 
blank, multiplied by the dilution factor) for 2-em 
cells versus the sample size. It can be seen in 
Figure 1 that the neutral method with 20% KI 
(reagent I) gave curved lines in the useful 
photometric region, which approached straight 
lines only at absorbances requiring extreme 
dilutions. The values indicated for ozone on the 
figure were assigned on the basis of the limiting 
slopes of the curves at high values. The alkaline 
method (reagent III), Figure 2, gave almost 
straight lines, which seemed to converge to a 
negative absorbance at zero sample volume. 
This negative absorbance intercept may be 
regarded as the “ozone demand” of the reagent, 
and was found for both evacuated bottle and 
impinger samples at high concentrations. The 
“ozone demand” appeared to increase with the 
age of the reagent, and was reduced somewhat 
by the addition of iodate to the sampling reagent 
to produce artificially an appreciable positive 


| iodine blank. This “ozone demand” was fairly 


constant through a small range of ozone concen- 
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Figure 1. Effect of sample size on photometric 
determinations of high concentrations of ozone 
with neutral 20% KI reagent. 
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Figure 2. Effect of sample size on photometric 
determinations of high concentrations of ozone 
with alkaline KI reagent. 


| 
ter. 
hed 40 
cial 
nee 
lum 
| 
2 
Py 
.ND- 
rred 
the Ry, 
(or 
aries 
gent 
004 
orb- 
was 
1] 
1 N oh = 
the 
veral 
were 
then 
the 
tilled 
famic¢ 
fuga- 
tches 
agent 
ml of 
(in 
|pera- 2 
Jeter- a 
datel 7 | 
oda 
witl J 
which 
is 
ndard 
idified 
were 
(1 ml ° 
Our 
| fora 
ake 
O;. 
rather) 


& REaGEN? 
6 REAGENT 


total absorBanct 


2 
SAMPLE VOLUME (LITERS) 


Ficure 3. Effect of sample size on photometric 
determinations of low concentration (4.25 ppm) 
of ozone with neutral (A) and alkaline (B) 1% KI 
reagents. 


trations, but increased somewhat at much higher 
absorbances and ozone concentrations. The 
reasons for these discrepancies are not known. 

Subsequently analyses of high concentrations 
of ozone were carried out by titrimetric proce- 
dures. Effects of errors due to sample size were 
thus minimized by liberation of larger amounts 
of iodine. 

Photometric analyses of low concentrations 
of ozone with reagents II and III were employed 


TABLE 
Simultaneous Analyses of Undiluted and Diluted 
Ozone Concentrations by Reagents. II and III 
(Neutral and Alkaline) 


Reagent IT Reagent III 


Diluted 1/100 | Undiluted 


Undiluted 
ppm 


Diluted 1/100 


(ppm) | (ppm) 


5350 
5050 
4310 
3510 
3030 
1895 
1413 
1280 
980 
791 
547 
473 
453 
439 
437 
433 
425 
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successfully since only slight discrepancies were 
found to result from variations of sample size, 
This is shown in Figure 3, which also shows a 
difference in stoichiometry to be discussed later. 
The midget impinger with 10 ml of reagent was 
used at sampling flow rates of 1, 2 and 3 liters of 
air per minute. The differences in flow rates had 
little or no effect except as they determined the 
volume sampled. Both reagents show good linear 
relationships of absorbance and sample size for 
ozone concentrations in the 0.1 to 20 ppm (v/y) 
range. The results by the alkaline procedure are 
consistently lower with a tendency to an increas. 
ing proportion of iodine for very large samples. § 


Effects of Ozone Concentration 


A comparison of analyses with reagents II 
and III was made at both high and low concen- 
trations. Low concentrations were obtained by 
accurately diluting high concentration ozone 
1:100 with purified air. Simultaneous samples 
were collected and analyzed as_ previously 
discussed with the results given in Table 1. 
From these data it can be seen that the two 
methods give fair agreement at concentrations 
of several thousand ppm but that they diverge 
at lower concentrations, with the results by the 
alkaline procedure being consistently lower. 
Measurements of the diluted ozone by the neutral 
reagent gave about 85% of the calculated value 
with little variation, while the alkaline reagent 
gave much lower and more erratic results. Inas- 
much as paired samples were collected simul- 
taneously the differences could not be due to 
fluctuations in the ozone concentrations. Subse- 
quent tests revealed a 6% loss of ozone in the 
system between the point of sampling the high 
concentration and the point of dilution. It appears 
that the stoichiometry of reagent II is more 
nearly constant with such changes of concentra- 
tion. 


Relative Values by Neutral and Alkaline Re- 
agents 


In Figure 4 the relationship between analyses 
by the neutral and alkaline reagents I, II and 
III is shown for corresponding samples collected J 
simultaneously or at very close intervals over 4 | 
wide range of ozone concentrations. Because of 
the extreme range of concentrations a log-log | 
plot is used. Concentrations above 100 ppm (v/¥) 
were determined titrimetrically and below this, 
photometrically. 

The differences between the alkaline and 
neutral analyses cannot be explained by differ- 
ences in absorption efficiencies of sampling since 
these were found to be high with all three 
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reagents. When two impingers were used in 
gries the second never showed more than a few 
per cent of the amount of iodine released in the 
frst impinger. Very little ozone was found to be 
destroyed by the water, the alkali or the sampling 
apparatus. When | N sodium hydroxide (reagent 
III without KI) was used in the first of two 
impingers in series, 85 to 90% of the ozone passed 
into the second impinger. The apparently lost 
ozone was found to be dissolved in the alkali, 
and by the addition of KI and acid it would 
release iodine for its determination. Thus it 

seemed likely that the absence of iodine in a 
| second sampler was significant, and that the 
absorption etficiencies were high. 

Differences likewise cannot be explained on 
the basis of standardization. The neutral reagents 
were standardized by adding dilute iodine solu- 
tions, and the alkaline reagent by adding standard 
potassium iodate. The iodine extinction coefii- 
cients in units of absorption (to logarithmic 
base 10) per ecm per gram per liter were as 
follows: (1) 104, (II) 99, (IID) 97. The slightly 
higher coefficient for reagent I may be explained 
by the higher iodide concentration, which 
intensifies the iodine color. The slightly low 
coefficient for reagent III may be due to losses 
of iodine in the acidification procedure. 

Assuming that the relationship in Figure 4 
would be a straight line, or nearly so, the best 
fit was determined by the method of least 
squares. The photometrically determined points 
gave a line with a slope of 1.016, and all points 
shown gave a line with a slope of 1.045. Calculated 
relationships of results at several concentrations 
according to the best fit of photometric deter- 
minations are: 
ppm O; 

% alk /neut. 


60% 62% 64% 66% 69% 


Applying the data for both photometric and 
titrimetric results, we find the corresponding 
values by alkaline determinations to range from 
50 to 80% of the neutral reagent results. 

The scatter of results shown by Figure 4 is 
such that the relationship of alkaline to neutral 
analyses of 65%, as indicated by the line A/N = 
0.65 can be applied over the range of 0.01 to 
30 ppm and perhaps beyond at either end while 
staying within the probable experimental error. 
Since the neutral analyses are presumed to be 
more nearly correct, results of alkaline analyses 
should be multiplied by a correction factor of 1.54. 


Stoichiometry 


It thus seems evident that the actual reaction 
between the ozone and the iodide must have a 
different stoichiometry in alkaline solution. The 


reaction between ozone and iodide is commonly 
given as: 


(1) O; 2H+ + 2I- + H.O + I, 


In weak alkali, the equivalent reactions for the 
same stoichiometry are commonly given as: 


(2) 30; + I- + I0;- 
followed upon acidification by: 
(3) 


We found experimental evidence to indicate 
that in strong alkali this pattern is not followed. 
When portions of samples in reagent III were 
acidified to pH 6.2 with solid boric acid, the iodine 
released was approximately 50% of that resulting 
from the usual acidification to pH 2. No iodine 
«as obtained from the reagent III with added 
4Jodate, upon acidification with borie acid. With 
“added periodate, such acidification yielded 14 
to 20% of the iodine obtained at pH 2. This 
gompares with 25% reported for periodate by 
Willard and Merritt." A reasonable explanation 
of these data would appear to be the formation 
of hypoiodite by the following reaction: 


(4) I- + 0; — I0- + 0, 


10; + >314+3H0 


The dismutation of hypoiodite to give iodate 
appears to occur over a period of many hours. 
Another possible explanation could be the 
formation of iodite. 


ALKALINE REAGENT 


PPM OLONE BY 


‘ 10 100 1,000 
OLOME GY NEUTRAL REAGENTS 


19,000 


FicurE 4. Comparison of analyses of duplicate 
samples for ozone by neutral and alkaline rea- 
gents. A/N is the ratio of alkaline to neutral values 
for analyses of pairs of duplicate samples. The 
dashed line (A/N = 1) is the theoretical line for 
identical stoichiometry by both methods. 
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The stoichiometry is being confirmed in an 
independent way by gas titrations. A stream of 
ozone is mixed with either nitric oxide, or nitrogen 
dioxide, and enough flow time is allowed for 
complete reaction after which the mixture is 
analyzed for ozone and nitrogen dioxide. In the 
former case, the ozone is converted to equivalent 
amount of nitrogen dioxide: 


In the latter case, the following reaction occurs: 
(6) O; + 2 NO: + NO; 


Since reaction (5) is 260 times as fast as (6), in 
the presence of excess nitric oxide, no appreciable 
quantities of nitrogen pentoxide need be expected. 
Linear relationships are being found between the 
amounts of ozone and the amounts of nitrogen 
dioxide generated or consumed; the latter being 
determined with Saltzman reageni.8 These 
systems appear to change very sluggishly when 
the reactant concentrations are changed, perhaps 
because of surface effects, and the systems are 
not yet completely satisfactory. 

The data for one run in which nitrogen dioxide 
was titrated with ozone are given in Figure 5. A 
dynamic system was used in which the gases 
were mixed at high concentrations, allowed to 
react, then diluted into a large chamber with 
purified air. The nitrogen dioxide input was 
held constant and the ozone input was varied. 


4 NO 
e BY REAGENT IT owiTH SULFAMIC ACID 
BY REAGENT wiTHouT 


(PPM) 
J 


0, OR NO, CONC. 
$ 


10 pe? 30 
OZONE INPUS 
Figure 5. Plot of dy. s: phase titration 
of NO» with O; . NO» input held constant at 36 
ppm as QO; input was increased. 
Line A—linear increase of excess O; . 
Line B—linear decrease of NOz with addition of 
O;. 
Line C—interference of NO: to give false O; 
results with reagent III without sulfamic acid. 
Line D—interference of NO» to give false O; 
results with reagent III with sulfamic acid. 
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The ozone input to the chamber was calculated 
from calibrating runs without nitrogen dioxide. 
Ozone was determined with reagent III, corrected 
for stoichiometry by the factor of 1.54. Ozone 
analyses to the left of the end point (line D) 
represent the interference of excess nitrogen 
dioxide (or nitrogen pentoxide) with the analyti- 
cal method. The line C shows the much higher 
interference of NO. when sulfamic acid is not 
added to the phosphoric acid reagent. A sharp 
end point is not obtained, but can be extrapolated 
with approximately the theoretical stoichiometry, 
Line B shows the consumption of nitrogen 
dioxide, and line A shows the accumulation of 
excess ozone. 


Comparison of Procedures 


Either neutral or alkaline iodide procedures 
may be applied for the determination of ozone 
in air, the latter procedure requiring the use of a 
correction factor for stoichiometry. 

One of the advantages of the alkaline procedure 
was found to be the relative stability of the ex- 
posed reagent prior to acidification. This would 
permit collection of samples in the field, and 
completion of the analyses in the laboratory. In 
one test, aliquots of a pooled alkaline sample 
were acidified and read at intervals for three 
days after sampling. Most of the loss of 10 to 
20% which was observed occurred in the first 
day, so that analysis of even older samples was 
practicable. Some lots of sampling reagent be- 
haved better than others in this respect. A special 
reagent in which the sodium hydroxide was 
ozonized, then boiled before addition of potassium 
iodide did not give significantly better results. 

The reproducibility of both methods for repli- 
cate samples of ozone was not as precise as could 
be expected from the experimental conditions. 
Reagent II seemed to be the best in this regard. 
It showed maximum differences up to 5%, 
while reagent III showed maximum differences 
up to 10%, and average differences of about 
5%. Apparently the variations with reagent 
III occurred during the ozone sampling step sinee 
much closer agreement was obtained by acidify- 
ing aliquots of a large pooled sample. 

Reagent III was found to require rapid acidif- 
cation in order to avoid low yields of iodine. 
Upon very slow acidification of reagent III, with 
either ozone or iodate added, such losses have 
been observed. Similar losses occur upon addition 
of standard iodine to the alkaline reagent before 
acidification and regardless of the rate of acidifica- 
tion, but there was no loss when iodine was added 
after acidification. Apparently in the former 
cases iodine is released at the surface of acid 
drops and is absorbed into the surrounding alkali 
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where the loss occurs. These errors are easily 
avoided by rapid acidification of samples as 
evidenced by the good agreement of the pre- 
viously mentioned iodine extinction coefficient 
for reagent III with expected values. 

A limited amount of work has been carried out 
to determine the effect of interfering pollutants. 
Sulfur dioxide decreased the amount of iodine 
liberated from all reagents, the difference between 
reagents II and III being small. Nitrogen dioxide 
yielded 8 to 11% interference by method III, 
and about the same by II. Five tests with 500 
ppm of nitric acid vapor showed an average 
interference of 0.5 ppm ozone by method III. 

Interferences from other smog constituents 
have not been completely evaluated. Compara- 
tive analyses by the two methods of natural and 
synthetic (ozone-hexene) smogs appear to give a 
different pattern of results than for ozone-air 
mixtures. In some cases, analyses by the alkaline 
procedure gave results higher than those by the 
neutral procedure. 


Summary 


One per cent KI in neutral buffered or alkali 
solutions was found to be more stable and useful 
than 20% KI, in bubblers for the collection and 
analysis of ozone in air. Either of the former may 
be used to determine low concentrations of ozone; 
however, there is a difference in their stoichio- 
metry. Over the range of 0.01 to 30 ppm (v/v) 
results by the alkaline procedure should be multi- 
plied by 1.54 to correct for stoichiometry. The 
neutral reagent has the advantages of not re- 
quiring the extra step of acidification and of an 
apparently more nearly uniform stoichiometry. 
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The alkaline procedure is preferable when final 
analysis may be delayed for any considerable 
period. The results of analyses of smog mixtures 
by either method cannot be regarded as specific 
for ozone, and their significance is not clear. 

Experiments with boric acid for acidification 
of samples in the alkaline reagent show that some 
mechanism other than oxidation of iodide to 
iodate or periodate is involved in this procedure, 
such as possibly formation of hypoiodite. 

Data from preliminary experiments with gas 
phase titrations of nitrogen dioxide and nitric 
oxide against ozone appear to confirm the 
stoichiometry of the neutral reagent to be one 
mole of iodine released for each mole of ozone. 
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Health Hazards and Control of an 
Epoxy Resin Operation 


W. H. KINGSLEY 


Sandia Corporation, Albuquerque, New Mexico 


HE EPOXY resins are strong and resilient 
plastics that have interested engineers since 
they first appeared in 1950. Thermosetting and 
heat-resistant, these plastics when cast and 
heat-cured are especially useful in applications 
requiring resistance to shock and _ vibration. 
They are also—unfortunately—somewhat toxic, 
since tertiary and tetra-amines released during 
the uncured, or wet, state cause allergic reactions 
in almost all personnel exposed. The epoxy resins 
are therefore an industrial hygiene problem of 
some importance; a problem that, unless non- 
toxic hardeners are developed, can be expected 
to increase as these resins come into wider and 
wider use. An excellent paper discussing experi- 
mental data and chemical characteristics of many 
of the epoxy resins appears in the February issue 
of the A.M.A. Archives of Industrial Health. 
When epoxy resins were first investigated by 
Sandia Corporation, the ordnance contractor to 
the Atomic Energy Commission, nothing was 
known of their toxic effects. The first indication 
of toxicity occurred in January 1951 and appeared 
as an inflammation of the eyes and forearms of a 
plastics shop employee. In the procedure used 
at that time, the plastic was poured over fiberglas 
formed on a solid mold and, if necessary, was 
smoothed with the hand; the procedure had been 
used for a number of years with polyester resins 
with only occasional cases of dermatitis, primarily 
because of carelessness while handling cleaning 
solvents. The inflammation was therefore diag- 
nosed at first as no more than a contact condition, 
and the employee was temporarily withdrawn 
from work on plastics. Recurrence of the condi- 
tion when the employee returned, even though 
he cooperated fully in avoiding contact, was the 
first suggestion that epoxy resins were hyperal- 
lergens and thus an industrial hygiene problem. 
Plastics shop personnel, on this indication, 
were then advised to follow a precautionary 
program such as is used in radiochemistry labora- 
tories, that is: (1) put on clean coveralls each 
morning and observe extreme personal cleanli- 
ness; (2) keep hands out of the solvents being 
used to clean up tools or spills (contact with 
plastic solvents is believed to be responsible for 


most of the allergies); (3) wash hands with soap 
and water if uncured material is touched; (4) 
take showers at the end of the shift; (5) cover the 
floor or work benches with heavy butcher paper 
wherever the uncured material is being mixed or 
handled; (6) wear rubber gloves during all wet 
layup operations; and (7) do not smoke or eat in 
the area where layups are being made. 

Alleviation of the problem was also sought 
through improvements to ventilation in the 
plastics shop, which at the time was small and 
crowded. However, the industrial hygiene divi- 
sion found that since exhaust air was largely 
overbalanced by supplied air, eddying could not 
be prevented and thus a draft could not be 
maintained away from workers. Because work 
on epoxy resins was thought to be exploratory 
only and probably temporary, approval could 
not be obtained for a program to improve ventila- 
tion and other working conditions. 

That’ personal hygiene and care in handling 
were not sufficient became clear as one after the 
other of the plastics shop personnel became 
sensitized. Although some improvements were 
made to the ventilation and personnel cooperated 
fully, the allergies continued—not by direct 
contacts but by fumes of the amines given off 
by the wet plastic. The allergies also tended to 
cause a sensitization to the formerly innocuous 
polyester resins. 

As the epoxy resins received greater attention 
from development engineers and the ‘“‘temporary” 
work continued, almost two-thirds of the per- 
sonnel became sensitized. Drastic action was 
precipitated finally when an order for some very 
large shapes was received. The industrial hygiene 
division, after reviewing the procedure required, 
closed the shop until adequate space and ventila- 
tion could be provided. 

After management was informed of the past 
situation and the situation that could be expected 
if operations continued without improvement, 
approval for a new area with much more space 
and much better facilities was obtained. Setting 
up the new area afforded an opportunity to plan 
operations with industrial hygiene requirements 
fully in mind. Since not all the ducting and 
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FicurE 1. Plastics shop—dry area 


Figure 2. Plastics shop—wet layup area 


exhaust facilities desired were commercially 
available, some of the design work was also done 
by industrial hygienists. 

One of the principal design considerations was 
separation of operations in which fumes are 
evolved from those in which the dry plastics only 
were handled. This design was undertaken for 
two reasons: (1) uncured material could be 
confined to areas where special exhaust and 
handling equipment was avaliable, and (2) the 
area where dry material only was handled would 
provide an area in which personnel who had be- 
come sensitized could still work. This arrange- 
ment permitted the retention of several workers 
who would otherwise have had to be transferred. 

Figures 1 and 2 show the new plastics shop. 
The area in which dry operations are carried out 
is shown in Figure 1. Figure 2 shows the water- 
wall and bake-out oven in the area where fumes 
may be evolved which we call the ‘wet layup” 
area. 
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The exhaust system has a total capacity of 
about 60,000 cubic feet per minute. An input 
system with a capacity of 50,000 cubic feet per 
minute provides makeup air to replace that 
exhausted. This makeup air is supplied through 
the overhead ducts visible in the two figures. 
One change to the exhaust system was made 


Figure 4. Down-draft table 
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after these photographs were taken. With ex- 
haust blowers located, as shown, near the input 
to the duct, duct pressure was greater than room 
pressure and any leakage in ductwork resulted 
in pumping of amine fumes back into the shop 
over a period of time. Blowers have therefore 
been located near the outlet so that negative 
duct pressure is maintained. 

The major feature of the area in which wet 
plastics are handled is the water-wall in Figure 2. 
This area is 15 feet deep from the water tank to 
the outer edge of the hood. Exhaust capacity is 
24,000 cubic feet per minute. All mixing and wet 
layup are done in this area. Workers in this area 
wear surgical gloves taped to their coverall 
sleeves to ensure that hands and arms do not 
come in contact with the plastic; goggles and 
safety glasses need not be worn. When there is no 
possibility of splashing of solvent or plastic, 
wet layup may be carried out without these 
safety devices, which are required elsewhere in 
Sandia Corporation on all machining and 
chemical operations. This procedure was begun 
after it was observed that inflammation and 
irritation from epoxy resins was worse when these 
safety devices were worn, apparently because 
of the concentration of fumes behind the safety 
glasses or face shields. 

Since resin spills are an importent source of 
inadvertent contacts, cleanliness in the area is 
essential. In the water-wall area not only is 
butcher paper used under the mold but the floor 
covering, a plastic film, is scraped off and replaced 
once a month. 

Figure 3 shows a 50-ton press in which some 
curing operations are carried out and which 
therefore requires an exhaust system. Since the 
top bed of the press moves up and down, flexible 
ductwork was required. The press had to be 
further modified by the addition of sheet-metal 
panels to restrict the flow of air to the immediate 
area around the plastic. 

Figure 4 shows a down-draft table with a rotat- 
ing top. In addition to the flow of air through the 
top grate, air may be drawn across the work when 
the square panel in the front of the unit is re- 
moved. Baffles are provided in this outlet so that 
the down-draft flow is not stopped when the 
panel is removed. 

After the improvements were completed, no 
cases of sensitization occurred in the plastics 
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shop. The few cases that have occurred at Sandia 
Corporation were the result either of carelessness 
in handling or of working in areas that were 
not approved. 

In summary, the experience of Sandia Corpora- 
tion in its work with the epoxy resins — 
the following recommendations: 

(1) High standards of both personal and oak 
area cleanliness must be maintained. The work 
area must be kept free of spills; when spills do 
occur, they must be cleaned up immediately, 

(2) Personnel should be made well aware of 
effects of the material with which they are 
working. The responsibility to ensure that per- 
sonnel are educated in the characteristics of the 
material will belong to both the industrial hygien- 
ist and the plastics shop supervisor. 

(3) Both the industrial hygienist and the 
supervisor should be able to recognize the early 
symptoms of sensitization. Personnel with these 
symptoms should report immediately to the 
industrial physician, since early diagnosis and 
treatment are important. 

(4) In a large plant or laboratory, personnel 
outside the plastics shop must be made aware 
by industrial hygienists of the potential hazards 
of the epoxy resins and warned not to begin | 
small operations with these plastics without | 
adequate safeguards. In Sandia Corporation this 
information and other industrial hygiene informa- 
tion is distributed plant-wide in “Industrial 
Hygiene Bulletins.” 

Although proper industrial hygiene practices 
come close to eliminating the epoxy resins as a 
health hazard, an even more hopeful approach is 
the substitution of low-toxicity aliphatic amines 
for the toxic agents. In a recent article? Ingber- 
man, Walton, Pitt, arid Paul indicate that the 
hydroxyalkyl hardeners do not cause sensitiza- 
tions. Progress in this area may sometime reduce 
or eliminate the problem. Until that time, how- 
ever, the epoxy resins must continue to warrant 
the attention of the industrial hygienist. 
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HYGIENIC GUIDE SERIES 


Chlorine Dioxide 


|, Hygienic Standards 


A. RECOMMENDED MAXIMUM ATMOSPHERIC 


CONCENTRATION (8 hours): 0.1 part of 
vapor per million parts of air, by volume 
(ppm).! One part per million has also 
been recommended? Further industrial 
experience and medical observations are 
necessary for confirmation. 
(1) Basis for Recommendation: Animal 
studies and limited observations in 
industry 4 


. SEVERITY OF HAZARDS: 


(1) Health: High for both acute and 
chronic exposures. Chlorine dioxide is 
a strong respiratory and eye irritant. 
Acute exposures by inhalation cause 
bronchitis and pulmonary edema. 
Symptoms can be delayed and the 
recovery may be slow. Deaths have 
occurred.2,) Symptoms observed in 
affected workers are coughing, wheez- 
ing, respiratory distress, nasal dis- 
charge, eye and throat irritation. 
These probably result from repeated 
acute exposures. Repeated exposures 
may cause chronic bronchitis.‘ 

Fire and Explosion: High. Explosive 
when concentration in air exceeds 10 
per cent.! Explosion risk is increased 
when chlorine dioxide contacts organic 
materials. Explosion and fire may be 
caused by sparks at 20°C and 36 mm 
partial pressure of chlorine dioxide.® 
Will detonate if heated rapidly to 
100°C. 


(2 


. SHORT EXPOSURE TOLERANCE: Repeated 


exposures of rats to about 10 ppm for four 
hours daily resulted in deaths; whereas, 
exposure to approximately 0.1 ppm, five 
hours daily for 10 weeks, had no detectable 
effect.| Animals survived two-hour ex- 
posures to 20 ppm, though some species 
exhibited symptoms.‘ Elkins states that 5 
ppm is irritating and two cases of poisoning 
(1 fatal) resulted from exposure to less 
than 19 ppm.? 
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D. ATMOSPHERIC CONCENTRATION IMME- 
DIATELY HAZARDOUS TO LIFE: Delayed 
deaths occur in animals after single 
exposures to 150-200 ppm for less than 
one hour.‘ 


ll. Significant Properties 


Chlorine dioxide is a greenish-yellow irritant 
gas at room temperature. It decomposes in 
sunlight. It is usually generated from sodium 
chlorite at the point of use. 


Chemical formula: ClO, 
Molecular weight: 7.5 
Specific gravity: 3.09 (liquid at 
11°C) 
Relative vapor den- 2.4 (air = 1) 
sity: 
Boiling point: 9.9°C at 730 mm 
Hg 
Melting point: — 59°C 
At 25°C and 760 mm 
Hg, 
1 ppm of vapor: 0.00276 mg/liter 


1 mg/liter of vapor: 363 ppm 


lil. Industrial Hygiene Practice 


A. Recoenition: Used as a bleaching agent 
in the wood pulp, paper, textile, and food 
industries and for odor control in water 
treatment. Chlorine dioxide is liberated 
from acidic solutions of sodium chlorite 
or from reactions of sulfur dioxide with 
sodium chlorate in acid solutions. The 
gas is greenish-yellow with an unpleasant, 
characteristic, ozone-like odor. Odor thresh- 
old is uncertain, but is above 0.1 ppm. 

B. EVALUATION OF EXPOSURES: 

(1) Direct instrumentation: None. 

(2) Chemical method: Sampling and ana- 
lysis of concentrations in air can be 
done by the method of Giertz, as 
described by Dalhamn.! 

C. RECOMMENDED CONTROL PROCEDURES: 
Maintain atmospheric concentrations be- 
low 0.1 ppm. This will usually require 
some process ventilation and enclosure. 
Evolution of chlorine dioxide from aqueous 
solutions can be reduced by the addition 
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A. RECOMMENDED 


of sodium sulfite.* Particular attention is 
required to prevent leaks and short peak 
exposures. Respirators, safety showers 
and eye washing fountains should be 
available. Appropriate fire and explosion 
precautions should be taken.® 


IV. Specific Procedures 


A. First arp: Remove from exposure. Keep 


at rest until seen by a physician. For 
eye or skin contact wash with copious 
amounts of water. 

. SPECIAL MEDICAL PROCEDURES: 

(1) Preplacement: Individuals with pre- 
existing pulmonary disease or with 
significant heart disease should not 
be exposed. 

Periodic examination: Evaluate health 
of exposed persons, especially for 
symptoms related to acute exposures, 
chronic bronchitis, or disturbances 
in pulmonary physiology. 


(2) 
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(3) Treatment of acute exposures: Persons 
with acute exposures require complete 
bed rest and careful observation for 
development of pulmonary edema, 
which may be delayed. 100% oxygen 
should be used as indicated. 


V. Literature References 
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Phosphoric Anhydride 


Phosphorus Pentoxide 


|. Hygienic Standards 


MAXIMUM ATMOSPHERIC 
CONCENTRATION (8 hours): Exposures 
should be kept below the level at which 
discomfort occurs. It is believed a level 
of 1.0 milligram of P.O; per cubic meter 
of air (mg/m*) will accomplish this.® 

(1) Basis for Recommendation: Human 

experience in industry.® 


B. SEVERITY OF HAZARDS:!: 2: 3, 5 


(1) Health: Moderate for both acute and 
chronic exposures. Phosphoric anhy- 
dride is a local irritant and a very 
strong dehydrating agent. With mois- 
ture it forms phosphoric acid which is 
corrosive to the skin, mucous mem- 
branes, and the eyes. The acid formed 
is not considered as hazardous as 
nitric or sulfuric acid. Very high con- 
centrations of the anhydride will 
cause violent coughing, although those 
exposed regularly to the industrial 
fume apparently become acclimated 
to some degree. No evidence of sys- 
temic poisoning from either acute or 
chronic exposures. 

Fire: None; however, the heat evolved 
by the reaction with water is sufficient 


(2) 


D. 


to ignite flammable or combustible 

materials. 
SHORT EXPOSURE TOLERANCE: Data from 
one study® indicate 10 mg/m* will cause 
coughing, while 50-100 mg/m* in unae- 
climated individuals is intolerable. Those 
accustomed to exposure apparently endure 
higher concentrations, perhaps up to 
100 mg/m, without difficulty. 
AYMOSPHERIC CONCENTRATIONS IMMEDI- 
ATELY HAZARDOUS TO LIFE: Unknown; 
however, it is not believed that a person 
would, unless trapped, tolerate concen- 
trations that might be immediately haz- 
ardous to life. 


. Significant Properties 


A fluffy, practically white, crystalline powder. 
It may be present as a fume at some processes. 
It has a very slight phosphorus-like odor. 
The commercial grade analyzes at least 
99.5%. 


Chemical formula: P.O; 

Molecular weight: 142 

Specific gravity: 2.38 (Technical | 
grade) 


Melting point: 347°C (657°F) 
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Solubility: Reacts readily 
with moisture 
or water, with 
evolution of 
heat. With 
water the reac- 


tion is violent. 


ill. Industrial Hygiene Practice 


A. Recoenition: By its irritant effects. 

B. EVALUATION OF EXPOSUR'S: 

(1) Direct instrumentation: None availa- 
ble. 

(2) Chemical method: Absorption in alkali 
followed by a molybdenum blue 
method, using ferrous sulfate instead 
of stannous chloride as the reducing 
agent.4; P.O; is difficult to collect, 
so the use of alkali solution in a jet 
type impinger must be followed by a 
filter paper, such as No. 41 Whatman, 
to trap particles passing through the 
impinger. 

C. RECOMMENDED CONTROL PROCEDURES: 
Maintain workroom atmospheres below 
1.0 mg/m* by means of process enclosure 
and/or local exhaust ventilation. Avoid 
skin and eye contact. For very dusty con- 
ditions, the use of full face industrial 
canister masks, coveralls, rubber gloves, 
aprons, and foot protection are indicated. 


Specific Procedures 


A. First arp: The dust should be washed 
off the skin with large quantities of soap 
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and water and if exposure was severe, 
this flushing should be continued for 15 
minutes. Eyes should be washed with 
large quantities of water for at least 15 
minutes and medical attention should be 
secured at once. For irritation from in- 
halation of dust, remove from further ex- 
posure and call a physician at once. 
Gargling with water may relieve throat 
irritation. 


. SPECIAL MEDICAL PROCEDURES (including 


preplacement): None. 


V. Literature References 


W. S.: Opthalmology, Vol. 
6, p. 6671. C. V. Mosby Co., St. Louis 
(1954). 


. Fuemine, A. J., et al.: Modern Occupa- 


tional Medicine. Lea and Febiger. Phila. 
(1954). 


. MANUFACTURING CHEMISTS ASSOCIATION: 


Chemical 
(1948). 


Safety Data Sheet, SD-28 


. Rocxstern, M., aNp Herron, P.: Anal. 


Chem., 23: 1500 (1951). 


. ScuwartTz, L., TuLrpan, L., AND BrrMING- 


HAM, D.: Occupational Diseases of the Skin, 
3rd ed., p. 240. Lea and Febiger. Phila. 
(1957). 


. STOKINGER, H. E., anp Rusuine, D. E. 


(U. S. Public Health Service): Personal 
communication. 
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Because of space limitations, it is impossible to list all methods of exposure evaluation. The 
selections have been made on the basis of current usage, reliability, and applicability to the 
usual industrial type of exposure. Any specific evaluation and/or control problem will involve 
professional judgment. This can best be done by professional industrial hygiene personnel. 

Respiratory protective devices are commercially available. Their use, however, should be 
confined to emergency or intermittent exposures and not relied upon as primary means of hazard 
control. 

A relative scale is used for rating the severity of hazards: nil, low, moderate, high, and extra 
hazardous. 


HyaGienic GuipEs CoMMITTEE 


MELVIN W. First, Sc.D. 
H. E. Sroxincer, Ph.D. 
D. HALLEY 

Epwarp V. Henson, M.D. 
E. D. Patmgs, Ph.D. 


E. McCormick, Chairman 
Hervey B. Euxins, Ph.D. 

Davin W. Fassett, M.D. 

H. W. SPEICHER 

B. Harris 


Hygienic Guides and Binders Available 


NDIVIDUAL Hygienic Guides in loose-leaf form may be obtained from the American 

Industrial Hygiene Association, 14125 Prevost, Detroit 27, Michigan, at 25c each. Dis- 
count of 20% allowed on orders of five or more; 40% on orders of 100 or more. Remittance 
must accompany orders for less than $2.00. Also available are flexible loose-leaf binders 
for the individual Hygienic Guide sheets. The binders have been especially designed to pro- 
vide maximum protection and ease of handling of the Guides. They will be particularly 
useful in keeping a permanent file. The binders are blue in color, with white lettering, and 
are fitted with %4” rings. The price is $1.25. 


AMERICAN INDUSTRIAL HYGIENE ASSOCIATION 
14125 Prevost, Detroit 27, Michigan. 


Please send the following number of copies of Hygienic Guides at $.25 each: 


Acetaldehyde —Chromie Acid Nickel Carbonyl 
Acetic Acid ——1,2—Dichloroethane Nitrogen Dioxide 


Acetone 
Acrylonitrile 
Amyl Acetate 
Anhydrous 
Ammonia 
Aniline 
Arsine 
Benzene 
Beryllium 
Butyl Alcohol 
Cadmium 
Carbon Disulfide 
Carbon 
Monoxide 
Carbon 
Tetrachloride 


—Dimethylformamide 
Ethyl Alcohol 
Ethylene Glycol 

Monomethy] Ether 
Fluoride-Bearing 

Dusts and Fumes 
Fluorine 
Formaldehyde 
Hydrogen Cyanide 
Hydrogen Fluoride 
Hydrogen Peroxide 
Hydrogen Sulfide 
Hydrazine 
Mercury 
Methyl Ethel Ketone 
Methylene Dichloride 


Ozone 
Pentachlorophenol and 
Sodium Pentachloro- 
phenate 
Phosphoric Acid 
——Silica (Free Silica, 
Silicon Dioxide) 
— Sulfur Dioxide 
—Sulfurie Acid 
‘Toluene 
Trichloroethylene 
1,1,1,—Trichloroethane 
Vanadium Pentoxide 
Xylene 
Zine Oxide 
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